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This publication contains instructional materials t^r\ 
both teachers and students for a course/rn automotive emission 
control. Instructional materials in thik publication are written in 
.terms of student performance usiijg me^siu^ble objectives. The course 
includes 16 units. Each instructional unit includes some or all of 
the'lBasic components-^of a unit of instruction: performance 
objectives, suggested activities for teacber and students, 
information sheets, assignment sheets, fob sheets^ transparency 
masters^ tests, and answers to the tests. Units are liberally 
illustrated and are planned for more than one lesson or class period 
o£ instruction. Information for the teacher includes an instructional 
analysis of automotive emission. control, and a list of tools and 
eqiiipnent needed. Topics covered ^in» the 16 units are thcr I^ollowing: 
injtroduction to automotive emission control; internal combustion 
Engine pollutants; oi^igifi of . internal combustion engine pollutants; 
heated air induction systems; evaporative emissions control system; 
engine modification; carburetor modifications; ignition timijng 
system; spark advance controls^ eichaust crossover system; exhaust gas 
recirculation system; positive crankcase ventilation system; air 
injection! system; catalytic converter systems; electronic controls; 
and tes^tifig. (KC) 
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* * • 

For many yea^s those responsible for teaching automotive emigsidl controVhave'felt 1 
need for instructional materials to use in this area. A team 'of teachers, industry representa- 
^ tives,. and .trade and industrial education staff memb6rs accepted this challenge and have 
o prodAJced manuals which will meet the needc^f many.tyj5es of courses where students are 
. Mpected^to become proficient in the- area of automotive emission control The MAVCC 
_ Automotive Emission CQ|itrol publication is designed to supplement the existing auto 
^ mechanics instructional materials currently used by scfiool system personnel.' . 

, Every effort has been made to make.this publication basic, readable, and by all means 
usable. Three vital parts of instruction have been intentionally omitted from this puBlication- ' 
motivation, personalisation, agd localizatipn.'" These arpas are left to the individual instructors 
an?! the instructors should capitalize^on them.tDnly th6n will thi? publication really become 
^ a vital part pf the teaching-learning process. . '* . - 

In addjtion, we woul^appreCiate your help. We'ch«:k for conteat quatity'-speHing and 
^ '^typographical errors many times in the development of a manual. It is still possible however- 
*' for an errorno show up in a publication. - ' ' . ' - " - ' 



, If, in,the*use oi-this |wb1Tcation, yoli shofild fifld soiiiethinig-questionflbJe^e wouicT--^ 
. appreciate you. bringing it to our attentioTi". ^coRy 'of the page or paaes' in'-qifetton with ^ 
i-. vour su^gestioris forcorreetjon woulcry:ertaiBly he»p;us when \ye revise anffupdatejnateriaJs. * 

. . .We\e tryif)9.'to..provide you i/vi't^''the &est possible curriculum r^iSterialS ahd wilt cer- . 
.tamly Appreciate your help ih- detecting araas where posSitHe Wections ^re needed to - 
mair\tain, the Quality you want frrd deserve. - i. • ' . ' ' * 



Ann Bensbrk . y \ • 
Executive Difector ' 1 V 
Mid- America Vocational Currjpijlum 
• Consor.tium, Inc. ^- . ■ . 
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- FpREWORD • . 

* * • 

... V : . \ . • ' ' ^ . ' . ' 

The'T\/l4d-AmQrica* Vocatronal Curriculum Gonsortiym JMAVCC) waj oraanized for 
the purpose of developing instructional material for the twelVe.jnember statel Priorities- 
for developing. MAVCC material are determined annually based on the needs as identi^ed 
by all member states. One of the priorities identifi-ed was autSmotive emissidn^ontrof! This, 
publidation'is designed to provide the needed instructional material to supplement auto 
mechanic programs. - » - ' ' ^ 

, ♦ • • • , 

The success^of this publication is'^du^ in large part, to the capabjITties of ihi personnel' 
who worked with its development. The technical wlTter has several years of industry as wefl 
as teaching experience. Assisting him in his efforts were representStivefbf the aiito mechaoig 
profession who brought v^^ith^them technif^l expertise afitl'th^ experiehceVelated -to the* 
classroom and to th&trade. Joassure t{fat the materjals woyjrd parallel theindustrv envirbn- 
m^t^and Be accepted ^s a transportable bSsic teaching to6t, brganrzatioos end fndustf/ 
/ropre^entatives-wafe.-invpLved in the developmentar phases of the manual. AppreqiatJo^'i« 
ext^ncted^to then\ft)r their \&lu^Me Contributions to the tnaaaaL V - V ^ / * 

. " Tf\\% pub'hcatian is ^iesigneO^t* a^ist teachers fSMnipnyvinff inMruC^ion: As 'these pub- 1 
lications are us^d/rt*i« hoped^tti^rthe studenlrpecfofrnanQe will impVovye aqd'that students'' 
wril be fietterjatble-^o^asspmeia foJe ih^'hefir chpseR ocCubatidfl, automolDile repair ' i - 

' ' . : K • . • ; : 4*^- ; . ' - 

lostrgctipn^h rtiateijate in this jDublication'are'AA/pitteK in^ermSofstu^ent perfo/manGe* 
usfn? h«asuraftle objecfiv^s^^This.i^ anjnn'ovattve approach toCfeacMin^^ that detents and" 
ayameots^the teaching/learn ihg^'proc^ss. Criterieg/eferenoed ^valu^tTon instruments ars^ 

• P/ovide^ /or uniform raeasurecnent of student progressr-ln addkica^ to evaluating retail • 
infdfhnat4on,^each^r^ are encoaraged' tQ evalua^^^'fl^ other^artas including process and 

. pcoduct as indicated at the end of each instructiorjal unit. - -"^ J 

swerrBelief of the 'MA VCC personnel and ihose memVers who served on the 
^dVTS0r^''Cpcrimittee-that ^his pu^blication w"r(T^ldw the students to^ecome better^repared 
- and morjB effective m^bers of the work force. 



Pat Lindley, Chairman 
Board of Directors 
Mid-America Vocational 
Curriculum Consortium - 
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. . THIS PUBLICATION 



. In^ructton'al Units ^t**'^^* ' * " * " ^ 

Thejmtohpti^ Emission C6/7tro/^qomcufum inclufies* sixteen .unih^^-achnrtstcucv 
^^tioi^l uriin^j^tfctet some or-all.^f tbe b'asic "cromjiDnepts^^t^f a%rTi! orf* mstructld^'^.p^rfar 

coance olWecti^^ activfties-iof teacPierand students^.infornnation sheets, assfgn- 

^ nrjerit^trg^, Job sheet?, visual aids, tests, and answers ttTthe test; Units are planned for more 

thaff one lessoaor cfas^ pert:od of instruction. ' , , . . * . ' 

< Cargful siCfciy of each instructional unit by the tgacher wiUh^lp to determine. 

The amount bf material that can be covered in each class period ' i 
le skills which must be demonstrated , ^ 

lS>;Supplies needed * \. • * 

2. Equipment needed - . ' , 

3. Amounfof practice needed ♦ * • • 

4. Amount of class time needed for demonstrations 

C. Supplementary materials such as pamphlets dr Vilmstrips that must be on 

D. Resource peopte that must be contacted 





Objectives 

Each WfoHnstruction is based oh performance objectives. These objqptives state the 
goals of the^ourse, thus providing a sense oVclirection and accomplisbment for the student. 

Performance objectives are stated in two forms: unit objectives, stating the subject 
maner to be covered in a uf\it of instruction, and specific objectives, stating the* student per- 
formance necessary to reach the unit objective. 

Since the objectives of the unit provide direction fol- the teaching-learning process, it 
is important for the teacher and students to have*a common understanding of the intent of 
thf objectives. A limited number of performance terms have^;been used in the objectives 
for this curriculum to assist in promoting'the effectiveness of the commgnication'among all 
individuals using the materials. 

Following is a list of performance terras and their synonyms which may have been used 
in this material: ' ' " 



Name 
LabeJ 

List in writing 

List orally ^ 

Letter 

Record 

Repeat 

GfVe 



Identify 

Select 

Mark 

Point out 

Pick out 

Choose 

Locate 



Describe 
Define 

Discuss in writing 

Discuss orally 

Interpret 

Tell how 

Tell what , 

Explain 
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Order 

Sequeoce 
List irt ©rder 
Classify 
Divide 
Isolate , 
Sort 



Demonstrate 
Show your work 
Show ^jrocedure 
Perform an experiment 
Perform the steps 
\ Operate 
Remove 
Replace 

Turn off /on \ 
(Dfs) assemble 
(Dis) connect 



Distinguish 
D-iserimirwte 



) 



Construct 
» Dra\A/ 
. M^ke ^ 
' Build 

Design 

Formulate 

^Transcribe 

Reduce 

Increase 

Figure 




Reading of the objectives by the student should be followed by a class discussion 
to answer any questions concernlng'performance requirements for each instructional unit, j 

'Instructors should feel free to add objectives which will fit the material to,tha needs 
of the students and community. When a teacher adds objectives, he/she should remember 
to supply the needed information, assignment and/or job sheets, and criterion tes'ts. • 

.Suggested Activities 

Each unit of instruction has a suggested activities* sheet outlining steps to follow 
in accomplishing specific 'objectives. Duties of the instructotwill vary according to the 
particular unit. However, for best use 'of the material they shotxl£^nclude the following: 
provide stMdents with objective sheet, iififormdtion sheet, assignmentsheets, and job sheets; 
preview filmstri^Js, make transparencies, and arrange for resource rpeterials and people; 
discuss unit and spgdiic objectives, information sheet, and assignment sheets; demonstrate 
and discuss -procedijres outlined on job sheets; give test. Teachers are encouraged to use any 
additional instructional activities and teaching methjods to aid students in cfccomplishing the 
' objectives. 

Information Sheet 

' » • ' 

The information sheet provides content essential for meeting the cognitivejknowledge) 
objectives of the um^r'The teacher will find that^the information sheet serves as an excellent 
guide for presenting the background knowledge necessary to develop the skill specified 
in 4he unit objective. • , 

Students should read the information sheet before the information is discussed in 
class. Students may take additional notes on the infornriation sheet, 
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- Transparency Masters • ' . ^ 

Transparency masters, provide information in a special way. the stuflents rriay see 
as well as hear the material being presented, thus reinforcing the learning process, Trans- 
j^arencies may present new informatioTi^ they may reinforce information presented in the 
Information she^t They are particularly effective when identificattoh is necessary. 

Transparencies should be made and placed in the notebook where they will be imme- 
diately available for use. Transparencies direct the class's attention to the topic of discussion. 
They should be left on the screen only when topics shown are under discussion, (NOTE: 
Stand avyay from the overhead projector when discussing transparency material. The hoise 
' of the projector may cause the teacher to speak tOrb loudly,) * ^ 

Assignment Sheets * ^ 

. Assign men^ sheets give direction to study and furnish practice for paper and pencil 
activities to develop the knowledges which are necessary prerequisites to skill development, 
The$e may be given 'to the student for completion in class or used for hbmework'assign- 
ments. Answer sheets are provided^ which may be used by the student and/or teacher for 
checking student progress. 



Job Sheets ^ 

Job sheets are an important segment of each-unit. The instructor should be able to 
and in most Situations should demonstrate the skills outlined in the job sheets. Procedures 
outlined in the job sheets give direction to the skill being taught'and allow both stGdent and 
teacher to check student* progress toward the accomplishment of thj^ skill. Job sheets 
provide a ready outline for a student to follow if he/she has missed .a demonstration. Job 
•sheets also furnish potential employers with a picture of the skills being faught and the 
performances she/he might. reason^}>ly expect from a person who has had this training, 

Ij&st and Evaluation * ^ • ' 

Paper-pencil and performance t6sts have been constructed to measure student achieve- 
ment of each objective listed in the unit of instruction. Individual test items maybe pulletl 
out and used as a short test to determine student achievement of a particular objective. 
This kind of testing may be us;ed as a daily qu\z and will help the teacher spot difficultifs. 
being encountered by students in their efforts to accomplisli the unit objective. Test iter 
for objectives added by the teacher .should be constructed and added to the test. 

Test Answers 

~ i 

Tm answers are provided for each unit. These may be used by the teacher and/or 
student for checking student achievement of the objectives. j 
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Automotive Emission*Cor>trol 

. InstructionalAnalysis \ 

Job Tr^ininq What'the, ^ Related Information. What 

Worker Should Be Able to Do the Worker Should Kno 

(Psychomotor)^ (Cognitive) , 

Unit I: Introduction to Automotive Emissiq/control 

' . . 1. Terms 

2. Smog and photochemical smog 

3. Sources of air pollution 
* 4, Federal regulations 

' 0 5. Clean Air_Act . 

6'. Areas of automotive emission controf 
Unit II: Intei^al Combustion Engine ^Pollutants 
" j ' ' 1. Tej-ms 

2. hjydrocarbons 
^ 3, 'Oxides-of nitrogetr 

\ 4, Health 'hazards 

Unit llh'Origm of Internal Combustion EnginePoHutants 

1 

• . , 1 . Terms ^ * 

, 2. Sources pf unburned emissions 

^ , 3, Causes of incomplete combustion 

4. Origin of emissions 
ft 

5. Engine variables 
Unit IV: Heated Air Induction Systems 

1. Terms 

2. Purpose 

3. Types of systems 

4. Operation 
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Job Training: What the ^ Related Information': What 

Worker Should Be Able t& Do ! the Worker Should Know 

(Psychomotor) (Cognitive) • 

5. Determine proper operation of the 

vacuum^ motoii system • ' - - 

6. Check vacuum diaphragm unit for . * 
leaks ; • . 

7. Check proper operation of t hernvo^ ' 
statically controllecfcystem ' >. , 

8. Cheek proper operation of vacuum / > , 
controlled system . » / * 

/ 

9. 'Check proper operation of vacugm - ' ' • - - ^, 
override unit ^ ' * 

Unit V: Evaporative Emissions Control System 

* ^ , , *• ' 1, Purpose - J 

/ ' ' . 2. Components and functions 

3. \Methods of carburetor vapor 
control 

^ 4. Operation of system 

> 

■ 5. Change charcoal canister fitter - . *v 

6. Test fiiel tank filler cap . ^ . 

Unit VI: Engine. Modification V ' 

• ^ .1. Purpose 

2. Effects on emissions 

* ' Unit VII: CarbkJre'tor Modifications 

■ 

1. Purpose * 

' . ^ ' 2. Components which have been 

— ^ ' modified ^ ' 

, . 3. Effect of modification 



JobTt-aining: WhaUhe 
Worker ShouldfBe Able to Do 
' * f-T^sychomotor) 



Related lhformatioin>V^at -> 
the Worker Should Know* • 
(Cognitive) ' 



• Unit Vfll' Ignition Tirning System 



^ 1. Components and. functions 

2. Purpose . 

3. Thermostatic vjcuum switch 

ual diaphragm vacuum advance unit 

^5. Operation of Qold start spark advance , 
system 



6. Test thermostatic vacuum switch 
7; Test vacuum advance unit 

Unft IX: Spark Advance Controls 

s 

. • T. Purpose 



2. Components and functions 

3. Abbreviations • " # 

4. Transmission regulated spark system 

5. Speed controlled spark system 

6. Conroonents of different systems 



7. ' Determine operation of transmission 
controlled spark system* C 



Unit X: Exhaust Crossover System 

1. ipomponents and functions 

Purpose 
3. Effects 



5. Check operatioh of exhaust crossover 
system 



4. Operation of system 



Jal) Traming. What the 
Worker Should Be Able to Do 
(Ptychomotor) 



R'elated tnforrTj[ation: What 
the Worker Shobid KfSow 
(Cognitive) • 



Unit XI : Exhaust Gas Recirculation System 
•^ '^ • \. Components and funfctjons 

, ^ ^. Purpose 

0 ^ 

3. Operation of system 

4 .Check operation of exhaust gas ' • 
recirculation system 

Unit XII: Positive Crankcase Ventilation System 

1. Purpose 

2. Operation of system 

'3 Make test of PCV system 

Test PCV system with tachometer 

Unit XIII: Air Injection System 

1. Parts and functions 

fl 

2. Purpose 

^ 3- Operation 1^ system 

4. Diverter valve 

5. Functions an J effects of valves 

6. Components of computer controlled 
systems 

* ' " 7. Components of puls^ air injection 

\ ■ • ' system 

8. Ope'rfetionof pulse air injection system 

9- Inspect air manifold and hoses ' * " ' 

• 10 Inspect drive belt and set correct tension f 

11. Check air purhp output 

12. oCheckidiver\er valve Of5erat ion * • ^ * 

•. I ■■ . 
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Job Training: Whatthej 
WQrker ShouW Be Able' to Do 
^ Psychomotor) 



Related Information: wKat 
the Worker Shbuld Kofow 
(Cognitive) ^ 

Uoft XVI: Testmg^ 

,1. Purpose for testing 

2. Enrrission control devices and functions 

* . - "3.^ Rules for testing 



4. Perform a basfc check of emission 
^ control devices 

5. Test dual diaphram vacuum advance unit 

6. Adjust idle of an engine 



XX 



Job Training: What the 
Should Be Able to Do 
(Psychomotor) 



Related Information' What 
the Worker Should Know 
(Cognitive) 



13. Inspect check valve operation 

■ 1 

14, Check vacuum differential valv€ 
operation 

15., Check proper operation of au>:iliary 
corttrol mechanisms 



Unit XIV: Catalytic Converter Systems 
1. Terms 




2. Components and functions 

3. Purpose 

4. Types 

5. Components of TWC 

6. Function of C.OC * 

7. Function of TWC 

8. Operation of catalytic converter pro^ ^ 
tection system 

9. Purposes of nonleaded gasoline 



1 0. Replace catalyst in converter 

1 1 . Check operation of catalytic converter 



protection system 



Unit XV: Electronic Controls, 

1. Components and functions 

2. Identification of components 

3. Processes of electronic control module 

4. Basic operation of electronic con 
trolled engine system 
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TOOL AND'EQUIPMENT LIST ' \' 

The following tools and equipment are necessary to con^plete the prpcedures as outlined on 
the job sheets in this publication. . " . * ■ 



• 



Basic shop tools 
Vacuum pump 

Vacuum gauge . ' , . * 

BFeed valve 

Shutoff valve 

Freon canister 

External heat source 

Thermostat 

Tachometer 

Lrne plugs 

Timing light ' ' ' 

Protective gloves 
Pry bar 

Belt tension gauge 
Electrical leads 

General Motors Tool #J-25077 set 

Ahti-seize cx>mpouncl . 

RepMacement catalyst T 

Be^lt tension tool* 
^ Hose plugs ' " ' ; . 'I 
*• "Propane cy hinder and attachment tools ^ ' 
\ 
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. JNTRODUCTIONTO AUTOMOTIVE EMISSION CONTROL 
■ • I - ' . UNIT I 

. UNIT OBJECTIVE . ' . • * ' 

\ \ 

> t 

After completion of "ttiis un^ the student should be able to define automotiv^emfSffe'ion 
^control and describe government involvement in the -regulation of motor vehicle emisslons 
This knowledge will be evidencegl by scoring 85 percent on the unit test. 
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SPECIFICOBJECTIVES 

After completion of this unit, the student should be able to: 

1. ^Define autonnotive emission control. 

. ^ 2. Distinguish^between smog and photochemical smog, 

3. List two sources of air pollution related to motor vehicles 

^ 4r Describe briefly how^thte federal government has become involved in 'the regu- 
/ _ ^. \ fation of -motor vehicle emissions. 

5s List the tw<o parts of the Cleap Air Act which relate to auto'mobile emissions. 

. • V • 

' . 6, Match areasof automotive emission control to their descriptions. ^ 
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INfRODUCTION TO AUT0iviOTlV& EMISSION CONTROL 
* SUGGESTED ACTIVITIES • •" " 



Instructor: ^ • ^ 

* r 

A Provide studems with objective sheet. * ^ - 
,♦8. Pr'ovidestudents with information sheets. 

C. Make transparency. 
. D. Discuss unit and specific objectives. 

E. Discuss information she^t. . . . * ^ ^ 

.P.' Lead discussion atJoQt different ' types of automotive erfiission control 
systems. - • ' 

\ - ^ . • 

G, .Giv^ test. . ' • - 



II. * Student? 
ft 

. A. . Raad obfective sheet. 

B. Study information, sheet. , 

C. Take test: 
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INSTRUOTIOMAL MATERIALS ' 



Included iri this unit: 

^A. Objective sheet . • . , , / 

•B. Information sheets 

\ ■ . ' 

«. Transparency master,* l-Ph'otochemical Sm^ over City 

D. Test 

E. Answers to test - * * * 



II. ReferiBces: 

A. fnetok 



forado Plan for the Control of Motor Vehicle Emissions, Air Pollution 
* Control Division/Colorado Department of Health. Interim Report, February 



B. Vehicle Emission Control. Detroit, Mich.: Gargano Promotions, 1973. 

C. Glenn, Harold T. Glenn S ' Emission Control Systems. Chicago, III: Henry 
Regwery Co., 1972 . ^ 

D. Pryde, Lucy T. Environmental Chemistry - An Introduction. .Menlo-Park, 
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E. Williamson, S. J. Fundamentals of Air Pollution. Reading, Mass.: Addison- 
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f!" Crouse, V/illiam >4. and Donald 1. Anglin. The Auto Book, second edi- 
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G. U.S. Government. The Clean Air Act- 1974 Amendments. Washington, D.C.: 
Environmental Proteetion Agency, 1974. 
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INTRODUCTION TO AUTOMOTIVE EMISSION CONTROL • 

• UNIT I ' . 



'INFORMATION SHEET 



Aotomotive emission controJ -Any control that reduces pollutant emission 
from the automobile 

Smog and photochemical smog (Transparency \) > 

A. • Smog-Condition resulting from the mixture of smoke, .fog, and parti- 
culates , * 1 • * . ^ 

(N0TE:^1"his condition has existed for some time in different parts of 
' the world. It is attributed to the death of several hundred people.) 



B; Photochemical smog-Condition 'that results from hydrocarbons and oxides 
^ of nitrogen chemically changing in the presence of sunHght • 

^ (NOTE: This condition can cause burning of the eyes, luhg irritation, plant 
• damage, the decomposition of rubber and possibly death.) ^ 

Sourcesof air pollution related to motor vehicles . 1 

A. Combustion as a result of the oxidation or burping of any substance in 
an automotive engine that can be used as a fuel 

- -' % . , . 

(NOTE: The results of this combustion give off hydrocarbons, carbon 
mqnoxidp, particulates and dk ides of nitrogen, all of which- are considered 
air pollutants,) . ' * ^ ' • 

B. Evaporation of liquid fuel into the atmosphere 

- (NOTE: Parts of the,fuel itself, such as lead and sulfur* as well as asbestos 
from brake linings and rubber from the tires, are sources of 3ir pollution.) 

Federal government involvement in regulation of motor vehicle emissions 

A. 1963- Clean Air Act was enacted into raw ' 

♦ 

B. 1966=-Motor Vehicle Air PoJIution Control Act amendments - ^ 

C. 1970-EnvirorimentaURrotection Ageficy fEPA) was established . 

*^4N0T£: One ofThe Sh^ls^rimary responsibilities is to aid theiStates in 
attatining a desirable air quality standard.) 




INFORMATION SHEET 



1971--National stanSards for ambient air quality established 

OTE: These standards set the Hmits for hydrocarbons, carbon nnonox- 
; oxides of nitrogen and particulates. Standards for cars made in 1980 are 
foriOws; i, • 



HC-0.41 gram per vShicfetnile ^ 

' ^ \ 
CO--7.0 grams per vehicle mile 

t 

N0x-2.Q grams per vehicle mile. ) ' 
Parts of the Clean Air Act wftrih rjl^n to automobile emissions 
'A. Title I, Section 101 "General description of the act ^ 
B. Title II, Section 201, Part A-Motor Vehicle Emission and FuelyStandards 
Areas of automotive emission^ontrols . ^ 

A. Precombustiori .controls-Devices or systems that reduce emissions before 
combustion takes place ' \ 

Examples: Evaporative emission system, heated air induction system 

B. Combustion controls-Devices or systems that actually affect and con- 
trol combustion to reduce^emissiohs 

. Examples: Engine rrtodtfications, carburetor modifications 
i ' . . ' 

C. Postcombustion controjj-D^vices or systems that reduce emissions after 
combustion has occurred 

Examples: Air injection system, catalytic converter systems 




Hydrocarbons + Oxides of Nitrogen + 
Particulates -f- Sunlight = Smog 



INTRODUCTION TO AUTOMOTIVE EMISSION CONTROL 

UNIT I 




1.. Define automotive emission control. 

2. Distinguish between smog and photochemical smog by placing the correct term to 
the left of the definitions. 

< 

- . ^ 3. Condition that results from hydrocarbons and oxides of 

nitrogen chemicalify changing in the presence of sunlight 

: b. V Condition resultii^^from the mikture of smok6,^|^nd 



. particulates 



3. List two sources of air pollution related to motctr vehicles. 

I 

b. 

4. Describe briefly how the federal government has become mvolved in the regulation of 
motor vehicle emissions. ' , ' • * . 

/ 



5. List the two parts of the Clean Air Act which relate to automobile emissions, 
b. - 

6. Match areas of automotive emission control on the right to the cprrect descriptions. 



^a. Devices or systems that actually affec;^ and 
control" coiTTtnigtion to reduce emissions 

^b. Devices Or systems that* reduce emissions 
after combustion has occurred 

^c. Devices or systems that reduce emissions 
before combustion takei place 



1. PreCombustion 
controls 

2. Combustion con- 
trols 

.3, Postcombustjon 
cojjtrols 



introouctionjto automotive emission control 

UNIT I 
ANSWERS to TES,T 

r 

.Any control that reduc^spoHiftant e/f ission from- the automobile 

a. Jihotochemical smog 

-9 

b. Smog 

«* • 

a. . Cortibustion as b result (^f the oxidation or burning of any substance in an auto- 

motive engine tha^can be used as a fuel 

b. JEvaporation of liquid fuel into the atmosphere 
Description should include: • ' " . 

a. ^ 19^-Clean Air Act \^^s enacted into law ^ 

b, 1965-MotOf Vehicle Air^Po/lytiQn Contrql Act amendments 

1970 -Environmental Prgtectfon'Agency (EPA) was established ' ' 
d. 1^7UNational standards for ambient air quality established 

a. Title I Section J01--General description.fef the act ' 

b. Title II, Section 201, Part A -Motor Vehicle Emission and Fuel Standards 

a. 2 

b. 3 

c. 1 * • • 
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INTERNAL COMBUSTION ENGINE POLLUTANTS 
UNIT II 



UNIT OBJECTIVE 



After completion' of this unit, the student should be able to select true statements'about 
hydrocarbons and oxides of nitrogen and the formation ot smog. The student should also be 
able to describe the health hazards of carbon monoxide and particulates. This knowledge 
will be evidenced by scoring 85 percent on the^unit test. 



SPECIFIC OBJECTIVES' 

After completion of this unit, the student should be able to: 

^ ' - <$ * 

1. Match terms associated with, mternal combustion engine pollutants to the correct 
definitions. 



i - 

2. Select true s.tatements about hydrocarbons and the formation of smog. 

3. Select tru^^statements about oxide^f nitrogen and the formation of smog. 

4. Describe the health hazards of carbon monoxide. ■ ^ J . 

5. Describe the health hazards of particulates: > ^ 



INTERNAL COMBUsflON ENGINE POLLUTANTS 
UNIT'^II 

SUGGESTED ACTIV/ITIES 



Instructor: j 

A. Provide student w(th objective sheet. * 



B. Provide student .with information sheet. » 

C. Make transparencies. ^ 

D. Discuss unit and specific objectives. 

E. Discuss information sheet. 

F. Give test. 
Student: 

jA.\ Read objpctive sheet. 

B. Study information sheet 

C. Take test. 

INSTRUCTIONAL MATERIALS 

Included in this unit: 

A. Objective sheet 

B. Informatfon sheet 

C. Transparency masters - 

1. TM l--Hydrocarbons 

2. TM2-N0x Formation 

3. TM 3--Carbon' Monoxide in Bloodstream 
.... I 

4. ' TM 4 -Particulates 

D. Test 

E. Answers to test 



References: 



A. Patterson, D. J, and Heinan, N. A. Emissions from Combustioh Engines 
and Their Control, Ann Arbor, Michigan: Ann. Arbor Science Publishers, 
Inc., 1973. 

B. Springer, G. S. and Patterson, D. J. Engine Emissions Pollutant Forma- 
tion and Measurerhent New York: Plenum Press, 1973, ' 

C. , Williamson, S, J. Fundamentals of Air Pollution. Reading, Massachusetts: 

Addison-Wesley Publishing Co,, 1973. , * 
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INTERNAL COMBUSTION ENGINE POLLUTANTS 
UNIT II 



) ' INFORMATION SHEET 



Terms and definitions 



A. Hydrocarbons-Compounds* madie up of hydrogen (H) atorps and carbon ( 
atoms 



B. Oxides of nitrogen-The chemical combination of nitrogen (N) and oxygen 
(O2) during the combustion process; made up of 97-98% nitric oxide (NOy) 
and 2-3% nitrogen dioxide (NO2) 

C. Carbon monoxide (CO)-An odorles^ odorless, toxic gas that riesults from 
incomplete combustion 

D. Particulates-Solid particles, primarily of lead frorl^he fuel additives and 
carbon that are exhausted to the atmosphere 

E. Unburned hydrocarbons- Hydrocarbon compounds that do not burn, but are 
emitted to the atmosphere 

Hydrocarbons and the formation of smog (Transparency 1 ) 

A. Hundreds of hydrocarbons are present in gasoline and fuel oil 

B. Complete combustion of all fuel, does not occur in the internal combustion 
engine 

C. Some of. the hydrocarbon compounds that do not burn are emitted to the 
atmosphere 

D. The. combination of nitrogen dioxide .(NO2), particqlates, and unburned 
hydrocarbons in the presence of sunlight causes the formation of smog 

Oxides of nitrogen and the formation of smog (Transparency 2) 

A. Oxides of nitrogen are formed in the internal combustion engine when 
high combustion temperatures are reached • • 

'fi. . Oxides of nitrogen are made up of 97-98% r>itrifc l^ide (NO) and 2-3% 
nitrogen diox!de^W02) • / . 

C. When nitric oxide is exhausted into the atmosphere iicombines with oxygen 
(O2) to form nitrogen dioxide, which has abrownjsh color ' 

D. The combination of nitrogen dioxide (NO2), particulates, and unburned 
hydrocarbons in the presence of sunlight causes the formation of sm^ 



INFORMATION SHEET 

0 

4 

Health hazards Of carbon monoxide (Transparency 3) 

9 

(NOTE: Because of incomplete combustion, carbon^^ monoxide (CO) is exhausted 
into- the atmosphere. In complete combustion, the end product of combustion 
would be carbon dioxide and water, aad nitrogen would pass through the com- 
bustion process unchanged.) 

A. %hen carbon monoxide is inhaled into /the lung, and transferred to the 

bloodstream, it replaces oxygen in the red blood cells, so the level of oxygen 
is reduced 

B. . This lack of oxygen in the bloods'tream can cause headaches, reduced mental 

alertness, and even death if carbon monoxide concentrations al-e high enough 

Health hazards of particulates (Transparency 4) 

A. Lead emitted into the atmosphere poses a health threat in two ways 

1, Respiratory intake of airborne lead during breathing 

2. -Contamination of food by lead that has settled in the soil 

p. Since lead is a toxic substance, high concentrations of it in the body can 
cause dailriage to the brain, nervous system and kidneys, and can cause death 



0 
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HydriDcafbons 





Nitrogen Dioxide = 



Nitrogen Combines 
X With Oxygen 

Under Pressure 
and Temperature 
^ NOx is NO and NO2 

1 
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Normal Air Exchange 




, Carbon Monoxide Concentrated Air Exchange 
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Particulates 




TM4 
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JNTERNAL COMBUSTION EWGINE POLLUTANTS 
' UNIT II 



NAME 



TEST 



Match the terms on tfie riqhl to the correct clefinitions. 

Compounds made up of hydro(|en (H) atoms 

and carbon (C^-atoms 



1. Particulates 

2. Qarbon monoxide 
(CO) 

3. Hydrocarbons 

4. Unburned hydro 
carl)ons 

5. Oxides of nitro 
gen 



^b. The chemical combination of nitrogen (N) 

and oxygen (O2) during the combustion 
process; made up of 97-98% nitric ' oxide 
(NOx) and 2 3% nitrogen dioxide (NO2) 

c. An odorless, colorless, toxic g^s that results 

from incomplete combustion 

d. Solid particles, [)rimarily of lead from the fuel 

additives rand ?arbon that are exhausted to the 
atmosfihere 

e. Hydrocarbon compourids that dp not burn, ^ 

but are emitted to the atmosphere 

Select true statements about hydrocarbons and the formation of sn^og by placing 
an "X" in .the appropriate blanks. 

a. Very few hydrocarbons are present in gasdiine and fuel oil 

Compfete combustion of all fuel occurs in the internal combustion engine 

c. Some of the hydrocarbon compounds that do,not ,burn are emitted to the 

atmosphere 

d. The combination of carbon monoxide and urjburned hydrocarbons in the 

fjresence of sunlight causes the formation of smog 

. _e. Complete combustion of. all fuel does not occur in the internal combus- 
tion engine • 

1 f- The combination of nitrogdn dioxide (NO^), particulates, and unburned 

hydrocarbons in the presence of sunlight causes the formation of smog 



Select true 'statements about oxides of nitrogen and the formation of smog by placing 
an *'X'* m Jhe appropriate btqnks, 

a. Oxides of nitrogen are formed in the internal combustion engine -^hen 

low combustion temperatures are'present 

b. Oxides of nitrogen are made up^of 97 98% nitric oxide (NO) and 2 3% 



nitrogen dioxide (NO2) 

I 

_c. Oxides of nitrogen are made up of 2-3% nitric oxide (NO) and 97-98% 

■ nitrogen dioxTeJe ^ 

_^ d. When nitric oxide is exhausted into the atmosphere it combines with oxygen 

(O2) to form nitrogen dioxide, which has a brownish color 

e. The combirtation of nitrogen dioxideMN02), particulates, and xinburned 

hydrocarbons in the presence of sunlight causes the formation of smog 

Describe tfte health hazards of carbon monoxide. , 



b. 



\ 

Describe the health hazards of particulates. 
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INT.ERNAL'COMBUSTION ENGINE POLLUTANTS 
UNIT II 



ANSWERS TO TEST 



1. a. 



3 ■ ■ 



b. 5 • 

c. 2 • > '-^ . . 

d. 1 • - 



2. c. e.f ^ • ^ 

3'J b.d.e • :\ " ' ' ' 

, 4. Description should include: - ji), * 

a. . When carbon monoxide is Inhaled into thp lung and transferred to the blood-' 
stream, it rep4acesj)xygeD in the red blood cells, so the level of oxygen is r^uced 

- b: This lack of oxygen in -the blodBstream can cause headaches; reduced merftal 
alertness,, and eyen deaths if carbon' m^jtnoxide concentrates are hiylM pmjuylj 

5. Description should include: 

a. . Lea^emitted into the atmosphere poses a health threat in two ways 

1. Respiratory intake cff airborne lead during breathing 

2. Contamination of food by lead that has settted in the soil 

^ b. Since lead is a toxic substance, high concentrations of it in the body can cause 
damage to the braiip, nervous system and^kidrteys, and can cause death' 
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ORIGir^ OF INTERNAL COMBUSTION ENGINE POLLUTANTS' 

• . . • , UNIT lij . ' ' r X 

♦.»• ■' • • , , ■ , • j 

^ UNIT OBJECTIVE 

'After completion of this unit, the studefnt should be able to explain the causes of incom- 
filete cpmbustion that result in unburned hydrocarbon, em lesions. The student should also 
be^able to select true statements about the origins of carbon monoxide and nitric oxide 
emissions. This knowledge will be evidenced by scoring 85 percent on fhe unit test. 

* SPECIFIC OBJECTIVES 

AfteiT completion of this unit, the student will be able to: 

1. Defibe terms associated with the origin of internal com,bustion engine pollu- 
jantS. 

2. list two soj|MS of 'unburned hydrocarbon emissions durina normal combus- 
tion. . 

3. Explain the causes of incornplete combustion that result in the emission of 
unburned Hydrocarbons. ^ ' - 

4. Select true statement? ^bout the origin of carbon q^onoxide (CO) emissions. ' 
•5.' Select true statemfenti' about the origin of aitrPc^ oxide (NO^) emissi^s. 
6. Ust engine variables a|fecting NOx emissions. 



ORIGIN OF INTERNAL COMBUSTION ENGINE POLLUTANTS 

UNIT III 



SUGGE#ED ACTIVITIES 

Instructor: 

A. Provide students with objective sheet. , 

B. Provide students witJi information sheets/ 

C. Make transparencies. 

D. ^ Discuss information sheet. 

E. 'Give test. ^ 
Student: 

* A. Read objective sheet. 

B. Study information sheet. 

C. Take tgst 

INSTRUCTIONAL MATERIALS 



Included In this unit: 
A. Objective sheet 
8. Information sheet 

C. Transparency masters ^ 

1. TM 1"Cpmbustion Chamber Quench Areas 

2. Tl^ 2- Incomplete Combustion -^el System 

3. TM 3-Air-Fuel Ratio Effect op Emissions 

D. - Test 

E. Answers to test 



1. References: 

A. Combustion iri the Automotive Engine, Denvpr, Colorado: Ethyl Techni- 
cal Jslates. .0 

B. Glenn, Harold T. "Glenn's Emission Control Systems. Chicago, ML: Henry 
RegnerV Co,, 1972. ^ ^ • 

C. Heinen, C, M. "WeVe Done the Job Whatis Next?" SAE Vehicle Emis- 
sions, Part lll;VoL 14. ' 

D. , Heinen, N. A, and Patterson, D. J, Emissions From Combustion Engines 
^ and Their Control, Ann Arl)or, Mich.: Ann Arbor Science Publications, 

Inc., 1972. 

E. Springer/ G. S. and Patterson, D. J. Engine Emission Pollutant Forma- 
tion and Measurement New York: Plenum Press, 1973. 

F. Grouse, William H. and Donald L. Anglin. The. Auto Book. New York: 
Gregg Division/McGraw Hill, 1979. " . . - 




ORIGIN OF INTERNAL COMBUSTION ENGINE POLLUTANTS 

' UNIT III 

■ ' V. 

INFORMATIOVSHEET * i.. 



Terms and definitions 

A. Q«nching-'The failure of the afr-fuel mixture in a combustion chamber 
to ignite due to the* transfer of heatf from the mixture to the 'surface 
of the combustion chamber resulting^ln a fuel mixture which is too 
cool to ignite ^ ♦ 

B. Quench areas -Those areas in .the combustion chamber where quenching^ 
will occur such as the walls, cavities, and smalf areas created by structural 
design, spark plug protrusion, or improperly fitted head gaskets (trans- 
parendy.1) • 

' ■ . 1 

C. Combustion chamber deposits-Porous accumulations of carbon inside the 
combustion chamber which absorb small amounts of fuel mixture causing 
some unbumed^emissions to occur 

Sources of unburned hydrocarbon emission during normal combustion 

A. Quench areas 

B. Combustion chamber deposits 

Causes of incomplete combustion that resirit in the emission of unburned 
hydrocarbons (Trcinsparency 2) * * 

A. Ignition system -Any comp©nent of the ignition system that is worn or 
out of adjustment may cause a weak spark or a misfire to occur . - 

B. Low air-fuef mixture temperature 

1. Results in the poor atomization of fuel which results in an urifvenly 
mixed air-fuel mixture 

2. Has high localized concentrations of excessively rich mixtures 
and lean mixtures that do not burn evenly when ignited 

C. Rich airfuel mixtures-Mixtures that are too rich do not have enough 
oxygen to completely burn the^^mount of fuel pre^nt • 

D. Lean air-fuel mixtures-Can result in a misfire because the fuel is so 
Slj.lut^ by air that it will not ignite properly ^ 

E. Excessive exhaust gas dilution 

1. Occurs primarily during high manifold' vacuum . conditions such as 
engine idle or deceleration 
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INFORMATION SHEET 



2. Results in a mixture that will not burn completely or can cause a 
, . ^ complete misfire 

Orisjin of carbon monoxide emissions (Transparency 3) 

A. Carbon monoxide (CO) is formed. ^uring the combustion process when 
there is not Bnough oxygen available to convert hydrocarbon iHC) to 

* carbon dioxide (C02)^ and water (H2O) 

B. As the air-fuel mixture becomes richer than the ideal ratio of 15:1 there is 
an Insufficient amount of oxygen present to complete the combustion 
process - ^ ^ 

C. This shortage of oxygen results in the incomplete conversion of CO to 

' * • 

D. An increase in the CO emissions is normally accompanied by an increase 
in* HC emissions because of the lack of okygen to completely burn all 

J the fuel mixture 

Origin of oxides of nitrogen (NOy) emissions , , ' - 

A. Air that is drawn into the engine and mTJfed with the fuel supply is made 
up of approximateFy 78% nitrogen and 21% oxygen 

B. 'The ignition of this mixture of air and fuel in the combustion chamber"* 

can result in temperatu res jn excess of 2700**C (450(p*F). . - 

C. Any engine variable that causes an increase in temperature above ap- 
proximately 108^**C {2000!F) to 135TC (25bO"F) will^ cause an increase 

'in NOx emissions 

Engine variables affecting NO^ emissions (Transparency 3) . . 

A. . Ignition timing 

(NOTE:- As ignition timing is advanced more of the mixtuiTi is burned 
before the piston reaches top. dead center (TDC). This causes increased 
pressures and temperatures in the combustion chamber which result in 
increased NO^ emissions. As tim^ing is retarded, more of the mixture is 
burned on the power stroke and lovyer tenr^Jeratures and pressures^result 
^ in a decrease in NO^ emissions.)^ ^ " - > 

B. Air- fuel mixture 

(NOTE: flich air-fuet mixtures cause incomplete combustion due to lack 
of oxygen^'Lean air fuel mixtures cause incomplete combus-tion due to a 
lack of fuel. Lower combustion temperatures occur from either of these 
two conditions resulting in lower NO^ emissions.) * 
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INFORMATION SHEET* 



C. Compression ratio = • t 

» r (NOTE: High combustion pressures increase NOx emi^ssions. Industry has 
lowered compression ratios to help reduce NOx emission. Today's en- 
gines have a compression ratio of approximately 8 to 1 compared to 10 
to 1 in 1969. However, reducing compressiop ratios' also reduces the 
efficiency ^nd performance of today s engines.) ' ' 

D. Engine temperatu/e 

(NOTE: Higher engine, operating temperatures incf/ase combustion temp- 
eratures/ Industry controls engine temperatures/ by use of pressurized 
Pooling systems and engine coolant tijermostats.) / 

E. Exhaust gas recirculation (EGR^ , , ^ ' 

(NOTE: Exhaust gases ai^e mixed with air- fuel mixtures to absorb sorrfe' 
of the heat pf combustion and reduce combustion temperatures by the 
exhaust gas recirculation EGR system.) 

F. Exhaust gas^f I utioa 

(NOTE: .Exhaust gas dilution occurs during high intake manifold vacuum 
conditions such as idle- or deceleration. The dilution of the air-fuel mix- 
ture with -exhaust gaseS decreases the temperatures reached during com- 
V bustion and lowers NOx emissions.) * 



mc 



Cornbustion Chamber Quench Areas 



r 



Spark Plug 
Electrodes 



Ab.ove-7 
Compressiqn 
Rings 



' .Designed 
Quench Area 



' .'Normal 
Quench Area 



Protruding Plug 




Chamber 
Walls 




\ 

Gasket 



Normal Quench Areas 




Poorly Fitted 
Valves and Seats 



Carbb 
Depps 





Poorly 
Fitted 
Gaskets 



Additional Quench Areas 



• # • 

\ I 

Incomplete Combustion - Fuel System 
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Air-fuel ^atio Effect on Emissions 



• 



Air Fuef Ratio (Below 15 tol) 





HC' 




t 




CO 












NOx 






■t 

s •< -v 's 














+ ^' ; 




T 















Poltotant 
Concentration 




CO 



Pollutant 
Coacentration 
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)el Ratio (15 to 1) 
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TM3 
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ORIGIN OF INTERNAL C0MBUST|6n ENGINE POLLUTANTS 

UNlT'lll ^ 

NAME' 



TEST 

* ^ € 

1. Define terms associated with the origin of internal combustion engine pollutants, 
a. Quenching- ^ 



b. Quench areas- . ^ , • 

c;^^ Combustion chamber deposits - ^ / 

2. List two sources of unbUrned hydrocarbon emissions during normal combuiition. 
a. 1 

3. Explain the causes of incomplete combustion that result in 'the emission of un- 
bi^rned hydrocarbons. : 

a. Ignition system- 

b. Low air-fuel mixture temperature 

1. 

2. 

c. Rich airfuel mixtures- . 

✓ 

d. Lean air-fuel mixtures-- . * 

J 

e. Excessive exhaust gas dilution 

1- , 
2. 
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4. Select true statements febout t^e origm of carbon monoxide (CO) emissions by placing 
an "'X" in the appropriate blanks^ • ^ ^ ' # 

* 

a. Carbon monoxide (CO) 'is -formed during the combustion process wh^n 

there is not enough oxygen available to conveYt hydrocarbon (HC) to 

carbon dioxide (CO2) and water (H2O) ^ ^ ^ . 

• * ♦ 

^ |,b. As the air-fuel mixture becomes leaner than the ideal ratio of 15:1 there is 

an insufficient\ amount of carbon present to complete the combustion 
process 

c.'*rhis shortage of oxygen results in the compFete conversion of CO to 

CO2 



V 



d. An increase in the CO emissions is normally accompanied by an increase 
in HC emissions becayse of the lack of oxygen to completely burn all 
- the fuel mixture 



5. Select 'true statements about the origin of nitric oxide (NO^) emissions by plac- 
ing an "X" in the appropriate blanks. ^ 

a. Air that is drawn into the engine and mixed with the fuel supply is made 

up of approximately 78% oxygen and 21% nitrogen ^ 

_b. The ignition of this mixture of air and foel in thre combustion chamber 

can result in temperatures in excess of 2700°C (4500°F) 

c. Atiy engine variable that causes an increase in temperature above ap- 
proximately 1082°C (2000°F) to 1357°C (2500°F) will cause an increase 
in NOx emiff ions 



6. List five engine variabt^iS affecting NOx einissions. 



a. 

b. " 

c. . % 
d. 



1 
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ORIGIN OF INTERNAL COMBUSTION ENGIISIE POLLUTANTS 

UNIT m 



ANSWERS TO TEST 



1. a. 



The failure of the air-fuel mixture in a combustion chamber to ignite due 
to the transfer of heat from the -owxture to the surface of the combustion 
chamber resulting in a fuel mixture which is too cool to ignite 
i ' ' - ' • ^ 

b. Those areas in the combustion chamber where quenching will occur such as 
the walls, cavities, and small areas created by structural design, spark plug 
protrusion, or improperly fitted head gaskets^ 

c. . Porous^aciJGmulations of carbon inside the combustion chamber which absorb 

small ar|)ounts of fuel mixfure causing some unburnecf^missions to occur 

• 

2* a. Quench areas 

c ' \ ■ 

b, Combustion chamber deppsits 

3. Explaftetion should includef . ' * 

a. Any component of the ignition system that is worn or out of adjustment ^y 
cause^a weak spark or a misfire to occur 

b. 1. Results in. the poor atomization of fuel which results in an unevenly 

mixed air-fuel mixture 

2. Has high localized concentrations of excessively' rich mixtures and lean 
mixtures that do not burn evenly when ignited 

c. Mixtures that are too rich do not have enough oxygen to completely bilrn the 
I amount of fuel present . ^ 

d. Can result in a misfire because the fuel is so diluted by^air that it will not ignite. 
\ " \ properly 

e. 1. Occurs primarily during high manifold vacuum conditions such , as engine 

idle or deceleration : 

^ ! 

2. Results in a mixture that will not burn completely or can cause a com- 
plete misfire 

4. a, d ' . , 
. 5. b,c 



V 
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6. Any five of the following: • 



•a^. Ignition timing 



^ b.' Air-fuel mixture , » 

4:, Compression ratio 

d. Engijne temperature • 

e. Exhaust gas recirculation (EGp) 

f. Exhaust gas dilution . 





'1 
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HEATED AIR INDUCTION SYSTEMS' 
UNIT IV, 



UNIT OBJECTIVE 



After completion of this unit, the student should be able to explain the purpose of the 
heated air induction system and explain the function of both the vacuum motor type and 
thermostatically controlled type system. The student should be able to visually inspect, test, 
disassemble, and reassemble both systems ' This knowledge will be. evidenced through 
demonstration and by scoring 85 percent on the unit test. 

SPECIFIC OBJECTIVES 

After completion of this unit, the studeat should be able to: 

1. Match terms assoc^ted with heated air induction systems to their correct defi- 
nitions. ' . ' ' • 

2. Write the purpose of the heated air induction system. 

3. List two types of heated air inductioyn systems. 



4. Explain the operation of both types of heated air induction systems from cold-^ 
start conditions to conditions at normal operating temperatures 

5. Derhonstrate the ahjiity to: 

. a. ' Determine the proper operation of 'the vacuum motor system and the 
• thermostatically controlled system. , 

b. Ch^'eck vacuum diaphragrn unit for leaks. ^ 

• c. Check for proper operation of a thermostatically controlled systerp. 

d. Check for proper operation o/ a vacuum" controlled system. 

^ * 
e\ Check for proper operation gi vacuum overrFde unit. 



I. 



HEATED AIR INDUCTION SYSTEMS 
, UNIT IV 



•SUGGESTED ACTIVITIES 
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II. 



Instructor: 

A. Provide students with objective sheet. 

B. Provide students with information and job sheets. 

C. Make transparencies. 

D. Discuss unit and specific objectives. 

E. Discuss information sheets. 

F. Demonstrate and discuss the procedures outlined in job sheets. 

r 

G. Give test. 
Student: 

A. Read objective sheet. 

B. Study information sheets. 

C. Complete job sheets. 

D. Take test. 



INSTRUCTIONAL MATERIALS 



Included in this unit: 
.A. ^Objective sheet 

B. Information sheets 

C. Transparency masters 

1. TM 1 "Basic Air Flow 

2. TM 2 - Vadium MotorSystem 



a<|i 



3. TM 3-Thermostatically Contrplled Unit 

4. 'TM 4-Vacuum Override Operation 
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D. Job sheets 

• * 

1. Job Sheet #1--Determine the Proper Operation of the Vacuum Motor 
System and the Thermostatically Controlled System 

2. Job Sheet #2'-Check Vacuum Diaphragm Unit for Leaks 

3. Job Sheet #3-Check ^or Proper Operation of a Thermostatically 
Controlled System \ . 

4. Job Sheet #4--Check for Proper^Opeh^Jion* of a Vacuum Controlled 
> .-Syst^fTu-' ^ 

5. Job Sheet #5-Check" for Proper Operation of Vacuum, Override Unit 

E. Test 

F. Answers to test 
References: 

A. Chrysler Corporation. 1979 Chrysler-Plyhiouth^Dodge ' Chassis-Body Ser- 
vice Manual. Detroit, Michigan: Service pepartment, 1978. ^ 

B. Glenn, Haroia T. Glenn'is Emission Control Systems, Chicago,- ML: Henry 
Regnfery do.^1972. 

. C. Gargano Promotions. Vehicle £rhission Control. Detroit, Michigan :'Gargano 
Promotions, 1973. . ' " - - 

D. . Ford Motor Company. Vehicle Emission Control System. Detroit, Michi- 
gan: Helm, Incorporated Service Publications, 1978. 

E\ General Motors Corporation. Emis^on Control Systems Maintenance Manual. 
i Detroit, Michigan: Service Section/General Motors Corporation, 1978, 
^ ^ \ 



\. ' , HEATED AIR INDUCTION SYSTEMS 

UNIT IV 

\ • ■ 

INFORMATION SHEET 



Terms and 'definitions .■ - , 

'A. Manifold stove .(shroud)--A device which directs air flow over the exhaust 
manifold to preheat ii 

• • * 

(NOTE: This generally consists of a metal housing around the exhaust 
manifpW which is connected to the air cleaner by a tube assembly.) 

B, Hot 'air pipe-A tube assembly that connects the manifold stove to the 
air cleaner 



(NOTE: fn some applications the maxiifold stovje and hot air Dioe are one 
unk.) 

C. ^ Damper-A deflector device that controls air supply to the air cleaner 

(NOTE: The position of the damper determines whether intake air comes 
from the hot air pipe, engine compartment, or from a combination of 
both sources.) 

D. Vacuum motor-A vacuum operated diaphragm assembly which controls the 
position of the damper • - , 

/ • 

(NOTE: The vacuum^ motor operates on'a combination -of engine vacuum 
and spring tension to change the damper direction according to engine and 
outside air temperatures.) 

E. Thermostat--A temperature sensitive metal bar — 

(NOTE: The bar expands or shrinks in length according to the surround- 
. ing air temperature and, because it is attached directly to the damper assem- 
t|Jy, causes the damper to change position.) 
<. 

F. Temperature sensor-A bimetal Or temperature sensitive plate 

(NOTE: The sensor acts as a thermostat to open or close a valve attached to 
it which directs vacuum to the motor of the damper assembly.) 

G. Vacuum override motor- A vacuum controlled motor that regujates air 
intake during periods of cold acceleration 

^ ' I ^ 

(NOTE: During normal operating conditions engine vacuum is high, keeping 
the override motor nonfunctional. But whea the vacuum drops, as during 
cold acceleration -conditions, spring tension overcomes the vacuum. When 
this happens, the motor positions the damper so that a combination of 
heated and engine compartment air enters the air cleaner^to improve engine 
performance.) 
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H. Air cleaner-A m^etal housing containing filtering material located between 
the carburetor and" the air intake which riemQ^es foreign particles from intake 
air ' ' ^ . 

(NOTE: Most air cleaners have disposable pap§r elements which filter 
the air entering the carburetor. The air intake component of the air cleaner 
(snorkle tube) generally houses the damper assembly.) 

Purpose of o the heated air induction system (Transparency D- The purpose of 
the heated air induction system is to maintain air intake temperatures at apprbx-^ 
imately 37.70C ( lOQOF} or higher 

(NOTE: The heated air induction system is used to compensate for the leaner 
air-fuel mixtures currently used and also provides better engine warm-up char- 
acteristics. This system reduces HC and CO emissions.) ^ 

Types of heated air induction systems 

A. Vacuum motor system 

"6. Thermostatically controlled system 

Operation of heated air induction systems from cold-stajj^pnditions to 
conditions at normal operating temper0ture ^^^^^"^^^ 

A, Vacuum motor system (Transparency 2) 

(NOTE: When the ehgine is started under conditions where engine com- 
partment air temperature is less than 37.7^6 (100PF), the following sequence 
occurs.) 

1. Temperature sensor holds the vacuum motor control valve closed, 
preventing vacuum bleed 

2;' Manifold vacuum ts directed to the vacuum motor 

3. Motor positions the damper assembly to allow air from the mani- 
fold stove to enter the air cleaner until the air temperature reaches 

^ 37.70c (lOQOF) 

4. " When air temperature in engine compartment reaches 37J^C (100PF), 

the temperature sensor partially o^ens^the vacuum motor valve 

5. Vacuum is bled aff reducing the amount of vacuum to vacuum motor 

6. Spring tension iri vacuum motor causes the motor to position the 
damperv^. that preheated air is mixedjwith engine;compartment air 
befora^entering the air cleaner 

As the temperature irt the engine cqmp^tment increases, the vacuum 
motor valve bleeds off all vacuum to cut off the manifold vacuum 
supply to the vacuum motor 
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8. Under low vacuum condition^, the spring tension in the motor positions 
.the damper so that only engirie compartment air enters the air cleaner 

Thermostatically oantrolled system (Transparencies 3 and 4) 

(NOTE: When the engine > is started under' corrditions where engine com- 
partment air temperature is less than 37. 7^0 (lOOOp), the following sequence 
occurs.) 

1. Thermostat assembly is fuHy^ontracted 

2. Damper assembly attached to the thermostat is positioned to allow 
only preheated air to enter the air cleaner assembly (heat on position) 

3. When air in engine compartment reaches a temperature of 37.70C 
(lOO^F) the thermostat begins to increase in size 

4 

4. Danrrper assembly is positioned by the thermostat to alfow some engine 
compartmentairjo mix. with the prpheated air before entering the air 
cleaner (partial heat on^gosition) 

5. When the air temperature is gi-eater than 37. 7^0 (lOOOp), the thermo- 
stat becomes .fully extended * . ■ 

6. Damper is positioned by the thermostat to alJow only air compart- 
ment air to enter the air cleaner (heat off position) 

7. During conc^itions of cold acceleration/ a drop in manifold vacuum 
causes the spring tension in the vacuum override motor to change 

' the damper position 

(NOTE: Under normal high vacuum conditions, spring tension is 
overcome by the vacuum diaphragm rn the motor.) 

, 8. Damper is positioned to the partial heat on po&itidti 

{NOTE: This provides for better engine, performance when engine 
^ load conditions are greater under cold acceferation.'*)^ 

9. Override motor holds the damper in partial heat on position until 
a high vacu^ condition exists at which time the^damper returns* 
to heat off position normal operation 




Basiir Air Fiow 



r 




A/^uum Mdtor System 
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V«q:uura .Diaphragm-. Unit 



Vacuum Hose 



Temp. Sensor 




Damper Assembly 




Manifold Vacuum 



Air Cleaner 



o 
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Thermostatically Controlled Unit 

J 



Heat On Position (Warm-up) 




Heat Off Position (Warm Engine) 




Vacuum Override Operation 



(Cold Acceleration) 
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HEATED AIR INDUCTION SYSTEMS 
tiNIT IV 



JOB SHEET#1--DETERMINE THE PROPER OPERATION OF THE VACUUM 
MOTOR SYSTEM AND THE THERMOSTATICALLY CONTROLLED SYSTEM 

r. Tools required : 

A. Thermometer 

B. VacuiVw pump 
II. 'Procedure 

A. Check engine compartment temperature (should be less than 37. 7^0 [ lOO^F ] 
(NOTE: Engine should be cold,) 

B. Check thdt all vacuum hoses are tight and in good condition, where applicable 

C. Check that the hot air pipe is securely attached to manifold stove and 
" y air Gleaner 

Start engine 

(NOTE: Damper assembly should be up (heat on position).) 

E. Warm up ent|ine ^ ' 

F. Check temperature at snorkel inlet or temperature sensor 

^ (NOTE: If 40.1OC [105^F] or higher, damper assembly should be ddwn' 
[heat off position] . 

(NOTE: These are BASIC PROCEDURES: Check the proper manufacturers 
technical or shop manual for exact procedures and settings for each make and 
model.) ^ , 



HFATED AIR INOUCTlON SYSTEMS V 
4JNlTl\/' 



JOB SHEET -2 CHECK VACUUM DIAPHRAGM UNIT FOR LEAKS ' * 

Tools required ' • '> * 

A ^\/acuijm pumf) 

'C Bleed* vafve * # i . - 

- , . ' • . • 

D. Shutoff valve J" , ' 

Procedure " . 

A, • Remove air cleaner assembly 

B Atta«fi vacuum oump arid gaugje to vacuum djaphr^gfti unit 

C, Start pump ^ ' . 

D ' Close down bleed valve u-ntii vacuum shows 30" Hq ^ 

E: ^lose shutoff vatvp ^ / * ' * . 

F - Turn off pump 

.(MOT^ Vacuum diaphraqm unit should hold 20" ^Hq for 5 minutes ) 
G* Release Vacuum . * 

H. Start-pump • . * . 

I With bleed v<ilve build'vacuum slowly. ^nd ©bserve that 

, The dan^per should beqm to lift at noteless than 5' Hq 

. -2 Tfre damper. should^oe fully opeo with no \x\px^ than 9" Hq 

tNOTE. Tb^se are BASIC f^ROCEDLLRE^ Check the proper manufacturer's 
tpc^viical or shop manual for exact prjoccdures and SQttinqs for each make a«d 
model.) . . . , , 



^ . HEATED AIR fNDUCTlOK SYSTEMS 

• ■ UNITIV 



§ 



JOB SHEET :;3 CHECK FOR PROPER OPERATION OF A 
THERMOSTATICALLY CON'TRdl LED SYSTEM 

Tools and equipfTient \ - — / 

A Thermometer , . I . « * 

B ' External'^ie^outce \ 

'J ■/.• ■ . 

C. Fr^'on canister ^ ^ ^* 

' (NOTE A common hair dryf^r provides- an .excellent heat source A v^^et 
» rag will sufficiently cool down thermostats J ^ 

Procedure 
f 

A.* , Remove air cleanePcover 
^ B. Remove a^r filter element ^ > \ ^ ^' 

* C Check position of damper assenvt)ly 

(NOX^, The damper assembly should be in "heat qn" position if the air 
temperatureis below 3770C (lOO^F 1 

b Apply heat to the thermostat and checks for projoer movement of damper 
assembly 

E Apply freon gas from canister, to thermostat and check for proper operation 
of damper assembly ' . . • 

(NOTE ^ Freon cjas is used to simulate cold conditions and to speed up 
; ^ the process to save lime in the shop environment. A Wet rag can be used 
p\so ) ' ^ ^ . ^ 

F If the damper assembly does not move properly, check for misahgnment 
^ and binding-and adjust mechanism as needed 

G. If 1^o movijment noted and no binding is found, replace the faulty compel 
nent . * " 

(NOTE These ar,^ BASIC PROCEDURES Fo- exact procedu.es .ind settings 
chfKjk manufacturer's shop manual ) ^ ' , ' '. 
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HEATED AIR lf^'[jUCT(ON SYSTEMS 
UNIT iV 



JOe SHEET -4 CHECK FOR PROPER OPERATION OF A VACUU^^ 
CONTROLLED SYSTEM " • 



Tools and equipment 

A Thermostat 

B External heat source 

(NOTE A common harr dryer provides an excellent heat source ) 

• # 

C Freon canister , , , . 

^NOTE A wet rag can be used to cool down assemblies ) 
'Procedure * . ^ 

A, Remove air cleaner cover 

B. ^ Remove air filter element 

C ^Check position of damper assembly 

- (NOTE; The damper assembly should be in the "heat^on" position if the 
air temperature IS below 37.70c [lOOOp.] v 

D Start the engine to provide vacuum to v^alve 

' E. Apply heat to the temperature sensor and check for proper movement of 
damper assembly ^ • ^ * . 

F. Apply freon gas to the temperature sensor and check for proper move 
ment of damper assembly 

(CAUTION- Be sure to stop the engine before using freon to cool the assem- 
bly. A wet rag can be used witltbut (J^ncjer.) ^ 

If the damper assembly does not move properly\check. for misalignment 
or binding and adjust the mechanism as needed 

(NOTE: The temperature sensor and valve assembly shoiTki move upward 
when heated and return to a ^closed position when cooleci""^^^t»-can be 
visi^ally determmed whai heat or cold is applied.) 

H. If damper assembly does not friove properly, and no bincfinq or misalmn^ 
ment is found^eplace the faulty components or locate and replace loose 
vacuum lines as needed 

(NOTErthesearo BASIC PROCEDURES For exact p. ocodures and sottjnns 
check the m^facturor s shop mat>Hdl ) 

■ V 
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HEATED AIR INDUCTION SYSTEMS 
UNIT IV 



•JOB^SHLET ^5 CHECK FOR PROPER OPERATION OF 
. VACUUM OVERRIDE UNIT 



^ Tools cjfid equipment Vdcuum (jaiuje * 
PfOCL^ciurt^ ^ . 
(NOTE Engine shoukj l)e cold } 
A Disconnect hose from vacuum override unit 

B Connect vacuum gauge to hose ^ * 

C. ' Start engine , * 

(NOTEi At idle, vacuum should be 15" oc greater. If less than 15" check for 
leaks in hose or at fitting on manifold.) 

« 

D Check to se^ if damper is partly open to admit both engine compartment 
air and heated air 

E Remove vacuum gauge 

F Connect vacuum hose to vacuum override motor 
G Check to see if damper moves to heat on position 

H If damper does move to heat on position, the vacuum override motor should 
be replaced 

(NOTE These are BASIC PROCEDURES. Check the proper manufacturer's 
technical or shop manual for exact j^rocedures and settmgs for each make and 
model ) 



HEATED AIR INDUCTION SYSTEMS 
'UNIT IV ' 



,NAME 
TEST 



Match the terms on the right to thecorr$ct definftions. 



_a. A metal housing contaming filtering mater'ial 
located between the ^carburetor and the air 
intake which removes foreign particles from 
intake air 



^b. A vacuum controlled motor th^t regulates 

air intake during periods of colcr acceleration 

• . • ■ r 

c. A bimetal or temperature Sensitive plate ' 

d. A temperature sensitive metal bar 

e-. A vacuum 'operatS| diaphragrh assembly 

whfch controls the position of the damper 

f. A deflector device that corvtrols air supply to 

the air cleaner 

. g> A tube assembly that connects the manT" 
* . fold stove to the air cleaner 

h. A device which directs air flow over the 
exhaust manifold to preheiit it 

Write the purpose of the heated air induction system' 



1. Manifold ^ 
stove (shroud) 

2. Vacuum motor 

3. Thermostat 

4. / Vacuum over- 
* ride motor 

5. Air cleaner 

6. Temperature 
sensor 

7. Darriper 

8. Ho\air pipe 



List two types of heated air induction systems. 



Explain the operation of both types of heated air induction systems from cold" start 
conditions to conditions at normal operating temperature. 

a. ' .* • 



b. 



Demonstrate the ability to: 

a. Determine the proper operation of the vacuum motor system and thermostat- 
* ically controlled system. 

b. Check vacuum diaphragm unit for le^s. 

c. Check for proper operation of a thermostatically controlled system. 

d. Check for proper operation of a vacuum controlled system. ' • 

e. C^eck for proper operation of vacuum override unit 

(NOTE: If these activities have not been accomp'lished prior to the test, ask your 
instructor when they should be compteted.) 



f 
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HEATED AIR INDUCTION SYSTEMS 
UNIT IV • 



ANSWERS Tb-TEST 



a. 
b. 
c. 
d. 
e. 
f. 



5 
4 
6 
3 
2 
7 



g. 8 ♦ : . / 

h. - 1 ' ' ■' . 

The purpose of the hfeated air induction system is to maintain afr intake temper- 
atures at approximately 37,7°C (100°F) or higher 

a. Vacuum motor system ' . ^ 

* I ' 

b. Thermostatically controlled system 

Explanation should include: 
a. Vacuum motor system 

1) Temperature sensor holds the vacuum motor contrpf valve closed, pre- 
venting v/acuum bleed " ^ ' ' 

2) Manifold vacuum is directed to the vacuum motor 

3) jVIotor positions the damper assembly to allow air from the manifold stove'to 
enter the air cleaner until the air temperature reaches 37.7°C (100°F) 

4) When air temperature in engine compartment reaches 37.7°C (100°F), the 
temperatur*e sensor partially opens the vacuum motor valve 

5) Vacuum is bled off reducing the a>nount*of vacuum to vacuum motor 

» 0 

t 

6) Spring tension in 'vacuum motor causes the motor to position the damper 
' so that preheated air is rnixed with engine'compartment air before entering 

the alrcleaner^' 

7) As the temperature in the engine compartment increases, the vacuum motor 
' valve bleeds off all vacuum to cut off the manifold vacuum supply to the 

vacuum'motor 



8) Under low vacuum conditions, the spring tension in the motor positions 
the damper so that only engine compartment air enters the air cleaner 

b. Thermostatically controlled system 

}) Thermostpt assembly is fully contracted 

2) Damper assembly attached tQ the thermostat is 'positioned to allow only 
preheated air to enter the air cleaner assembly (heat on position) 

3) Wheti air in engine compartment reaches a temperature* of 37.7°C (lOO'^F) 
the thermostat begins to. increase in size 

4) Damper assembly is positioned by the thermost-at to allow some engine 
compartment air to mix with the preheated air before entering the air 
cleaner (partial heat on position) 

5) When the air temperature is greater than dlTC (100**F), the thermostat 
becomes fully extended 

6) Damper is positioned by the ^ermostat to allow only air compartment 
air to enter the air cleaner (heat off position) 

7) During conditions of cold acceleration, a drop in manifold vacuum causes 
the spring tension^ in the vacuum override motor to change the damper 
position ' ' ' " 

8) Damper is positioned to the partial heat on position 

9) Override motor holds the damper in partial heaf on positiori, until a high 
vacuum cohdition exists at which time the damper returns to heat oif 

position for normal operation • , 

« * ft 

» 

Performance skills evaluated to the satisfaction of the instructor 



I 



A'EC 79 



' EVAPORATIVE EMISSIONS CONTROL SYSTEM' 
. UNITV 



UNIT OBJECTIVE 



After completion of this unit, the student should be able to match the functions of the' 
evaporative emissions control system to the components and explain the operation of a 
basic evaporative emissions control system. Tbe student should also be able to visually X 
inspect, test, and service the evaporative emission control system: This knowledge will be 
evidenced through demonstration and by scoring 85 percent on the unit test. 

SPECIFIC OBJECTIVES 

m 

After completion of this unit, the student Should be able to: 

1 . Write the purpose of the evaporative emissions control system. 

2. Match components of the evaporative emissions controL^tem to their functions. 
.3. List four methods of carburet(|papor control. 

4. Explain the operation of the evaporative emissions control system, 
^"■"*-&r-^B^9nstrate the ability to: , 

a. Change the charcoal canister filter, 

b. Test the fuel tank filler cap. 



/ 
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EVAPORATIVE EMISSIONS CONTROL SYSTEM 
UNIT V 



SUGGESTED ACTIVITIES 

Instructor: 

A. Provide students with objective sheet. 

B. Provide students with information and job sheets. 

C. Mak« transparencies, 

D. Discuss unit and specific objectives. 
Discuss information sheets. 

F. Demonstrate and discuss the procedures outlined in the job sheets. 

G. Give test. 
Student^ 

A. Read objective sheet. 

B. *Study information sheet. 

C. Complete job sheets. 

D. Take test. ^ . 

INSTRUCTIONAL MATERIALS 
Included in this unit: • w 

f 

A. Objective sheet , 

% Information sheet 

C. Transparency Tnasters -f^ 

1. TM 1--Fuel Tank With Thermal Expansion Volume 

2. tM 2-Pressure' Vacuum Relief Filler Cap 

3. TM 3 -Vapor- Liquid Separator 

4. TM 4 -Cf^rcoal Canister - * 



r 

5. TM 5-Charcoal Canister Purging Methods ♦ 

6. TM e-Charcoal Canister Purging Methods (Continued) 

7. TM 7"Charcoal Canister Purging Methods (Continued) 

D. Job sheets 

t. Job Sheet #1 -Change the Charcoal Canister Filter * 
2. Job Sheet #2-Test the Fuel Tank Filler Cap y/ 

E. Test " / 

F. Answersoto test 
References: , 

A. General MotorsXorporation. 1979 Pass^ger Car Service Manual. Detroit, 
Mich.: Service Section/General Motors Corp., 1979. ' , 

B. Chrysler Corporation, 1979 Chrysler-Piy mouth- Dodge Chassis-Body Ser- 
vice Want/a/. Detroit, Michigan: Service Department, 1978. ^ 

C. Glenn, Harold T. Glenn's Emissi(fB Control Systems. Chicago, Illinois: 
Henry Regnery Company, 1972. 

D. Gargano Promotions. Vehicle Emission Control. Detroit, Mich.: Gargano 
Promotions, 1973. ' ' 

E. Ford Motor Company. 19/8 Full Size Car Shop Manual. Detroit, Mich.: 
Helm, Inc., 1978. 
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EVAPORATIVE EMISSIONS CONTROL SYSTEM 
UNITV ^ ' . 



INf^ORMATION SHEET 



Purpose of the evaporative emission controls system-The evaporative ernis^ 
sions control system controls^the release of hydrocarbons (HC) to the atmosphere 
that results froni fueLvapors escaping from fuel tanks and carburetor vents 

Components and functions of the evaporative emissions control system 

A. Fuel tank-A sealed unit for storing fuel that has a built in air space (appro- 
ximately 1 1% of tank volume) to allow for fgel expansion due to temperature ' 

J increases (Transparency 1} 

B. ' Fuel tank filler cap-Seals th-e fuel tank and acts as a relief valve to protect the 

fuel tank from excessive pressure or vacuum (Transparency 2) 

C Vapor vent lines-Allow vapors to be directed from the fuef tank to a vapor- 
liquid separator and to the charcoal canister 

D. Vapor-liquid separator-Prevents •passage of fuel to the carbon canister by 
means of either a float valve which seals off the line where fuel enters or by a ' 
series of stdfidpipes (Transparency 3) 

- (NOtE: The standpipes are set at different heights to allow fuel to return to 
the tank and orrfy vaporS to escape.) ^ 

E. Charcoal canister-Traps and stores fuel vapors by me^ns of , activated charcoal 
contained in a sealed unit (Transparencies 4, 5, 6, and 7) 

.(NOTE: Fuel vapors are vented to the carburetor by purging the canis- 
ter container with fresh air during normal engine' oRg;^tion.) 

F. ^Rollover check valve- Prevents the spillage of fuel from tSe fuel system in the 
"evfent of rollover of the automobile . 



(NOTE: The gravity activated valve is found in the fuel line between the fuel 
tank and carburetor.^) 

Metf)ods of carburetor vapor control . , \ 

A. Elimination of external carburetor vent^ 

B. Use of insulating washers on carburetor hold-down studs ' / 

/ ' ^ - ■ \ / 

C. Use of insulating gaskets and aluminum heat shields between intake manifold 
and the carburetor ^ / 

D. Venting of carburetor fi/el bowfs to the charcoal canister 



. fNFORMATION SHEET 
Evaporative emissions control system operation 

A. As the fuel- becomes warm it expands and at the same time releases fuel 
vapors 

B. The expansion is taken up in the design of the fuel tank which prevents 
^1 filling approximately 1 1% of the tank's volume 

C. Tlje vapors that are released f>ass through the verft lines to the vapor-liquid 
separator which allows the vapors to pass through but will prevent any liquid 
fuel from passing • 

D. Th^ vapors travel to the activated charcoal canister where thay are trapped 
and stored 

E. When the engine i$ started, the canister is purged via a purge line that runs to 
the carburetor or air cleaner / ^ 

F. As fuel is consumed, a partial vacuum develops in the fuel tank 

G. The filler cap acts as a fuel system relief valve to prevent damage to the fuel 
tank from excessive 'pressure or vacuum 

(NOTE: Vacuum relief is^provided after .25" Hg is reached and pressure 
relief is provided beyond .75 to 1.25 p.s.i.) 
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Fu^i Tank With Thennal Expansion Volume 



' To Vapor Liquid Separator 




Fuel Tank Vent Lines 



Filler Vent Lirte 



Expansion 
Space 



Fuel Tank 
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Pressure-Vacuum Relief Filler Cap 





V 

Screw-In Type 



Locking Lip 



• Vacuum Spring 
(Passive up to .25" Hg) \ 



Outer Shell 




Filler Sealing 
Gasket 

Pressure Spring (Passive 
up to 75 to 1.25 psi.) 



Vacuum Relief Pressure Relief 
• Valve Valve 




VaporrLiqu 



^ Vapor-Liquid Separator 



To Charcoal Canister 




Liquid Return 



Vent Lines 



a' 



Fuel Tank 
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Charcoal Canister 



Hose to Carburetpr 
Air Cleaner 



Charcoal 
Granules 




•0^ ' 



Outside Air 



Hose to Fuel 
Tank Vent 



Canistef Case 



Fiberglass Filt&r 



> 
m 
O 




r 
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Charcoal Canister Purging Methods 



Purge Air Flow (Air leaner Method) 




Fuel Tank VapOrs 



Carbon Canister 



Pur^e Air 



> 

m 
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Charcoal Canister Purging Methods (Continued) 

Constant & Demand Purge System , 



G 




CarbtJ'retor.. Bowl Verrt 



Ported Vacuum Signal 



PCV Hose 



Purge Valve 



^1 



From' Fci^l 
Tank 




1 Restricted Orifices 



Canister 
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Ey\PORATIVE ^MISSIOWS CONTROL SYSTEM 
, UNITV ■ 



JOB SHEET #-1>CHANGE THE OiARCOAL CANISTER FltTER 



•'AEC99 



Tools required-.-Basic shop tools 
Procedure . ' ' 

A Disconnect hoses from top'of canister 



B 

C. 
D. 

'e. 

F 

G. 

H. 



Rern^ve canisters from mounting bracket 
Remove cover from .bottom of canisteX^ 
Remove filter element 

> 

Install new filter element " 
R^lace cover ; 

RemsJdil canister in mounting bracket* 
Reconnect hoses 



(NOTE: These are BASIC PROCEDURES. Check'the manufacturer's service shop 
manual or technical manual for ex^ct procedures for each make and' model.) 
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EVAPORATIVE EMISSIONS GOKTROL SVSTE\: . 
UMT'V * 



JOB SHEET -2 TEST THE FUELTAK'K FILLER CAP 



^Tools re(Hi fed ^one 



Proceciure 

A Re^riove ''jei t.i^^k Mier cj;^ 

B ApDiy orii\ vacuum and check that valve ooens under vacuum and closes 
under f)ressure ' 

C if valve fails to open or close, repiace^the f'iler cap 

(NOTE These are BASIC PROCEDURES Check the'manufacturer's service shop 
manual or technical rianual for exact procedures for each make and model.) 
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EVAPORATIVE EMISSIONS QONTROL SYSTEM 
ilNITV 



1 



NAME 
TEST 



1 . Write the purpose of the evaporative emissions control system. 



2. Match the components on the right to their functions. 

3". Allow vapors to be directed fromftths fuel 

tank to^a vapof-liquid separator and to the 
^ * charcoaTcanister 

lb.. Seals the lfuel t^hk'a'ndaljbts as a relief valve to 

protec"t the fuel tank from excessive pressure 
* ' or vacuum 

c. A sealed unit for storing fuel that has a built 

in air space (approximately 11% of tank 
volume) to allow for fuel expansion due to 
temperature increases 



_d. Prevents passage of fuel to the carbon canister 
by means of either a float valve whiph seafc 
off the line where fuel enters or by a series of 
standpipes 

^e. Prevents the spillage of fuel from the fuel 
system in the event of rollover^ of thfe auto-* 
mobile 



^f. Traps and stores fuel vapors by means of 
activated charcoal contained in a sealed 
unit 



1. Charcoal 
canister 

2/ Rollover 
check valve 

3, Vapor-liquid 
separato/r 

4, -Vapor vent 

lines 

5, Fuel tank 



6, 



filler cap 
Fuel t,ank 



erJc 



3, List four methods of carburetor vapor control. 



b, 
c. 
d. 



Explain the operation of the evaporative emissions control system. 



Demonstrate the ability to. ; 

a. Change the charcoal canister filter. 

b. Test the fuel tank filler cap, 

(NOTE, If these activities have not been accomplished prior to the test, ask your 
instructor when they should be completed,) 



I 



AEC 



EVAPORATIVE'EMISSIONS CONTROL SYSTEM 

UNITV 

ANSWERS TO TEST 1 

1 

1 ,The evaporative emissions control system controls the^ralease of hydrocarbons (HC) to 
Ithe atmosphere that results from fuel vapors escaping from fuel tanks and carburetor 
vents 

2. a. 4 . . - • • 

b. 5 * 

c. 6' • 



e 2 ' • - 

( 

3. a. Elimination of external carburetor vents 



c 



b. Us^ of insulating washers on carburetor hold-down studs 

\ ^ ^ ' • ^ 

Use of insulating gaskets and aluminu(Ti heat shields between intake manifold 
and the carburetor 

d. Venting of carburetor fuel bowJ^to the charcoal canister 

4. Explanation shouJcj include: . 

As the fuel becomes warm it expands and at the same time releases fuel vapors 

b. The expansion is taken up in the design of the fuel tan|< which prevents fillinq 
approximately 1 1% of the tank's volUhie 

c. . The vapors that are released pass through the vent lines to tVie vapor-liquid sepa- 

rator which allows the vapors to pass through but will prevent any liquid from 
passing \ \ 

d ^ The vapors travel to the activated charcoal cannrster where they are trapped and 
stored ^ ^ ^ 

e. When the en^ne is started, the canister is purged via a purge Ime that runs to the 
carburetor or air cleaner , 

f , As fuel IS consumed, a partial vacuum develops in the fuel tank 

g. The filler cap acts as a fuel system relief valve to prevent damage to the fuel tank 
from excessive pressure or vacuum 

« 

5. Performance skills evaluated to thfe satisfaction of the instructor 



ENGINE MODIFICATION 
UNIT VI 



UNIT OBJECTIVE 

After completion of this unit, the student should be at?le to explam'the eggine modi 
fications which reduce emissions. This knowtedge will be evidenced by scoring 85 percent 
on the unit test/ ^ . - ' 



SPECIFIC OBJECTIVES 



After completion of this unit, the student should be able to- 

1. Write the purpose of engine modification. * 

2. Explam engine modifications and their effects an emissions. - 



/ ENGIME MODIFICATIOI^S 
UNIT VI ' 



^ ~ ^ . = SUGGESTED ACTIVITIES 

[nstructQr: * " - ^ 

A. Provide students with objective sheet. 

Provide students with infornfiation sheets. 
^ 'J • ^ • ^ 

C. Make^ansparencies. ^ 

D. Discuss unit and spqisific objectwes. , - 

E. ' Discuss ioforrriation $heets. 

F. ' Gfvetest- * f> . \ ^ 
.Student: • . / " • 



A. "RfiaB ob]ective ^heet/ 



B. ^tu(5j^ijitprmatioh street. * 

C. „ Tal<e test. - • . 



; INSTRUCTIONAL MAiemAUS " 

Inpluded'in this jjnit: 

A. Objective sheet ' 

B. Information sheet 

C. Transparency masters 

1»,.TM l- lntake-Manifold Modifications 

2. TM 2-Combust[on Chamber Modifications 

3. TM 3 'Precombustion Chamber (Stratified Charge) 

D. Test 
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E., Answers to test . . •.. ' . 

II. References. * ' . ^ 

* 

A. 1979 Chrysier-Plymouth-Dodge Chassis-Body Service Manual Detroit,^ 
Michigan^ Chrysler Corporation, 1978. - *** - / 

B. Gargano . Promc^tions. Vehicle .Emission Control. Detroit, Mich: Gargano 
Promotions, 1973. ' * * : 

C. Gl^rin, H. T. Glenn's Emission Cohtrol' Systems. £h'ita^^ Illinois Henry ^. 
Regnery Co., 1972. . ^ ' ' - V - \ . . 

'D. We^nen, C. M. "We've Done the Jpt) - WWat's -Next^" SAf Vehich Emif^^ ^ 
, 5^'OA7S;'Part IIU V0I..14 P. T. • *' / / ' / 



F.. Henien, TJ. ^.^ Patt^rsoft, D. J. Eniisiion"^ From CombdStibn Engines : ' 
and'^Ttiew 'Control. Ann Artwr/^ Michigan: Anrk.A>bftr* Scjience P^blica'- . . * 
tians, Inc., 1972.' \ . ' \ • ^ * » 



' ^ ;F.,- SpringerV'.G. S, <«nd Patterson, O. \i,^Engine EmissiQn-J^ollutatft .Forma- ♦ 



f/or7 knd Meisur^merttm New Vork: Plenurn Pifess,<1973. . 



iJ. Crouse, W. K. anb ,Anglih]^ David L. T/?e ^wfo flocT^. New York: McGraw- " 
• "Hill, Tnc, 1979. ' . . ^ V-' ' ' '1" '] 
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ENgiNE MODJFIC/VT'IO'^S 
* UNLTVI 



[ • • II^FORMAflOjsJ SHEET 

Purpo^e*of engine modificdtion- The purposfe olTen^trae ruodificatipn is to 
more (jcynplete comb^ustidn anti.i:educe"^ngine erniss j^s 

'Engine niodifications and their-eff^ct^^on emissrons 

A.' I wtakeTTiar^^foIti '(Transparency 1) ^ 

^. n. Modificatioos , * ' 




• • *. Jk c • " 
' «£r. • JSruooth'erjntenor siiHaceS 

^ • t» ' Crosso^r ofr€xhaust gases .* ;* ^/ .r** 
^ ^ d. • Uniterm passage ports • ' ^ ^ 
'^e.' Singre4Dlane.design . - ' 

* . 2. Effect on emissions 

a. All fuel mixtures are distributed more evenly 

b. Provides for increased*vaporizatior^ of the fuel 

c. Results in more complete combustion of the fuel mixture 

B. ^ Controlled engine operating temperature 

1. Modifications 

a. Faster warm-up 

b. More evenly controlled cylinder wall temperature • 

2. Effect on emissions-More complefe combustion 

C. Combustion chamber (Transparency 2) \ 

1. Modifications 

a. Smoother surfaces 

b. Elimination of small gaps ' ^ 

t 

c. Better fitting head gaskets 

d. Specially designed quench areas 



^NFpRMAT^ON SWEET', 



2. ^ Effect on emij^K)^^ ' 



« Pven burning of the Kiel mixluce 

^. . ,Mfl^tjomplete comou^ion ^ , ^ 

*^ " ' " * - • 

*1.0N/ver cempresskm r^];fo - 

1. ModiftcatiOn -Redesigned pistons andcyJinder heads 

• 2. Effect on emissions . . * 

'a. Use of nonleaded fuel made possible the reduction of lead emis- 
sions 

b! Decreases cpmbustion chamber temperature to lower NO^ emis- 
sions ^ 

(NOTE: Lower compression ratios reduce -emissions but also 
I reduce engine performance and efficiency.) 

Modified valve tim'ing f 

1. "'Modification-Specially designed camshafts ^ 

(NOTE: These allow the intake and exhaust valves to remain open 
during a part of the time of exhaust and intake strokes to allow 
exhaust gases to mix with fhe fuel mixture.) 

2. Effect on emissions-Combustion temj^erature is reduced 
(NOTE: This results in reduced NO^ emissions.) 

Precombustion chamber (Transparency 3) ' ' 

1. Modification-Stratified charge of fuel mixture is -provided to the 
combustion chamber by a specially designed precombustion chamber 

(NOTE: A rich mixture of fuel is ignited and altowed^o ignite a weaker 
mixture in the main combustion chamber.)- 

\ 

2. Effect on emissions-Stratified or layered mixture burns more com- 
pletely 

I 

(NOTE: This results in a reduction of the level of emissions. A stratified 
mixture is different from an uneven mixture caused by improper intake 
air temperature. The mixtures are even in air/fuel|amounts but are in 
layers from richer to weaker, not uneven.) 



y. . • ■ INFORMATION SKEET/ 



-V' " ^ ^ G. • Redesigned cylinder heads 

1. Modifications 

a. ' Lafger exhaust valves 

b. Air injection ports 

2. Effect on emissions 



a. Dilutiqn of fuel mixture by exhaust gases reduces combustion 
temperature and lowers NOx emissions 

b. Promotes continued burning of hydrocarbons 



Intake Manifold Modifications 



c 



r 



Smoother Passages 




Improved Port 
Alignment 




Single Plane Manifold 



Uniform 
Passage. Size 
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Pr^combustidn Chamber 

ll (Stratified Charge) 

Precombustion Chamber . 
Intake Valve 



Rich Fuel Mixture' , 



Precombustion 
Chamber 



Intake Valve 
Lean Fuel Mixture 



Combined Fuel 
Mixture — 




1 


1 


1 






1 




T—^ «- 
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ENGINE MODIFICATION ' 
UNITVI 



NAME' 
. TEST 



ERIC 



1 .1 Write the purpose of engine modkication, 



2. .Explain engine, modifications and their effects on 'emijsions. 



a. Intake manifold 




b. Controlled engine operating temperature ' 



c. Combustion chamber 
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d. Lower compression ratio 



e. Mbdified valve timing 



I 





; • UNIT VI 



i. AECU3 

ENGINE MODIFICATION 



ANSWERS TO TEST . - 

1. The purpose of engine modification is to achieve more complete cpmbustron and 
reduce engine emissions t 

2. .Explanation should include* 

a. Intake maniTold 

1, Modification^ 

a) Smoother interior surfaces 

b) Bmter part match up 

c) Crossover of exhaust gases . - 

d) Uniform passage ports 

i V- . ' ? . 

e) Single plan6 design * 

2. Effect on emissions ' 
\ a) All fuel mixtures are distributed more evenly 

b) Projipii^for increased vaporization of the fuel 

c) Results in more complete combustion of the fuel mixture 

b. Controlled engine operating tejmperature 

1, Modifications 

a) Faster warm-up ♦ 

b) More evenly controlled cylinder wall temperature 

2. Effect on emissipm--M<M^<rompte^^ combustion 

c. Combustion ch'a^er 
1. Modificajions 

a) Smoother surfaces 

b) Elimination of small gaps jji 

c) Better fitting head gaskets 

d) Specially designed quench areas 



-J III 




2. ; Effect on emissions " ' 

a) Even burnipg of the fuel mixture 

b) More -complete combustion' 



d. Lower compression ratio 



1, Modrfication-Redesignedlpistons and cylinder heads 

2. Effect on emissions 

a) Use of nonleaded fijel made possible the reduction of lead emissions 
, b) Decreases combustiofp chamber temperature to lower NOy emissions 

e. Modified valve timing I 

1, Modification-Specially de^ljgned camshafts 

2. Effect on emissions -Combystion temperature is reduced ^ 

f. . Precombustion chamber * ' 

1. Modification-Stratified ch^irge'of fuel mixture is provided to the combustion 
chamber by ^specially designed precomiwstion chamber 

ltrat|tied or N^red mixt 



2. Effect on emissions--Str 



g. ^' Redesigned cylinder heads 



(ture burns more completely 



I 



1. Modifications 

a) Larger exhaust valves 

b) Air injection ports ' 
2. Effecl^on emissions 

a) Dilution of fuel mixture by exhaust gases reduces combustion tempera- 
ture and lowers NOx emissions 1 

b) ^Promotes continued burning of hydrocarbons 
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CARBURETOR MODIFICATIONS 
UNIT VII 



UNIT OBJECTIVE 



After completion of tfiis unit, the student sfiould be able to write'the purpose of carburetor 
svstem modifications Tfie student sfiould also be able to list tfie carburetor components 
.-vhich have been modified and match those modifications to their etfects on the car- 
buretor system This knowledge will be evidenced by scoring 85 percent on the unit test 



SPECIFIC OBJECTIVES 



After completion of this unrt, the student should -be able to 

1 Write the purpose of carburetor system modification. 

2 . List four components which have been modified m the carburetor system 

3 Match the modification of the components to the effect of modification 
the carburetor system. v 
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CARBURETOR MODIFICATIONS 
UNIT VII 



SUGGESTED ACTIVITIES , 

Instructor.' 

A. Provide student with information sheet. 

B. Provide student with information sheet. 

C. Make transparencies. $ 

D. Discuss unit and specific objectives. ' 

E. Discuss information sheet. 

F. Give test. ^ 
Student: , 

A. # Read objective sheet. 

B. Study information sheet. 

C. Take test. ' 



INSTRUCTIONAL MATERIALS 



Included in this unit: 

A. ^ Objective sheet "^T^ * ' 

B. Information sheet 

C. Transparency masters - • 

1. TM 1 "Automatic Choke Assist Systems 

2. TM ^-Staged Choke Pulldown 

3. TM 3-Factory Set Idle Modifications 

4. TM 4- Idle Adjustment Screw Limiters 

5. TM 5-Other Idle Adjustment Modifications 

6. TM e-ldle-Stop Solenoid 



7.. TM 7-Other "Carburetor Modifications 
- B. TM 8-Variable Venturi System 
.9. TI\/h9--Vbriable Fye^J^t System 
D. Test ^ ' • ' X • 
E: Ansvyers to test 
Referepoes: ' * 

A. 1§79 Chrysler-Plymouth-Dodge Chassis-Body Service Manual. Detroit, 
Michigan; Chrysler Corporation, 1978. 

B. Vehicle Emission Control. Detroit, Mich.: Gargano Promotions, 1973. 

C. Glenn, Harold T. hienns Emission Control System. Chicago,1ll.: Henry 
Regnel-y Co., 1972. » - * . \ * ' 

D. Ford Motor Company. 1978 Full Size Car Shop Manual. Detroit, Mich.: 
* Helm, Inc., 1978. 

E. General Motors Corporation. 1979 Passenger Car Service Manuaf. Detroit, 
Michigan: Service Section/General Motors Corporation, 1979. 

« 

F. Ford Motor Company. Carburetor Service Manijal. Volunie II. Detroit, 
Michigan: Service Publications/Helm, Inc., 1978.^ 

G. General Motors Corporation. Emission Control Systems Maintenance 
. Manual. Detroit, Michigan: Service Section/General Motors Corporation, 

1978. 



CARBURETOR MODIFICATIONS 
UNITyil 1 

w 

INFORMATION SHEET 

Purpose of carburetor system modification-The purpose of carburetor system 
modiffcation is to reduce the amount-of hydrocarbon and carton monoxide 
emissions released tp the atmosphere during periods of engine idle, wari^-up, and 
deceleration ' i 

'(NOTE Modifications have been rriade to reduce the richness of the air fuel 
mixture by diluting the mixture with additional air during idle. Also, during the 
warm-up peripd, modifications to the automatic choke allow for faster opening of 
the choke to reduce the amount of rich fuel mixture used.) 

Components^modified in the carburetor system 

A. Automatic choke system - 

B. Idle systeiti ' ' ^ 

C. Fuel metering system ^ • 

D. Venturi system 

Effect on the carburetor system by modification of the components ^ 
(NOTE: A-C deal with modifications in the automatic choke system.) 

A. Electrical element-Supplies additional heat to choke coilto reduce the time 
it wduld normally require t»open (Transparency 1) ^ 

B. Stainless steel coil well--?rovides faster transfer of heat to ehoke coil to 
' reduce ^the amount of time engine heat is needed to open it (Transparency 1) 

C. Two stage pulldown- Uses a temperature sensitive valve to control a vacuum 
assisted mechanism which opens the choke faster (Transparency 2) * 

(NOTE- The bimetal valve opens abov/e IB^'C [60°F] to provide manifold 
vacuum to a chamber in which a silicone fluid is contained. Atmospheric 
pressure forces the fluid through^ an orifice over a period of 20-30 seconds 
causing the choke to, remain closed for only that length of time.) 

'NOJE: D-H deal with modification^ m the idle system.) 

D. Internal idle control limiters -Prevents increasing idle adjustment richness 
beyond factory set linrjits (Transparency 3) 

(NOTE: The internal idle limiters restrict mixture adjustments by limiting 
the amourit of travel of the idle screw through ^ stoppage device or by idle 
■ needle limiters and restricted orifices.) 
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INFORMATION SHEET . ; 

E, Externa! idle iscrew limiters-Plastic caps which reduce the amount of adjust- 
ment to approximately ZlA of a turn to prevent setWng the idle for an 
overrich mixture (Transparency 4) 

D. Factory set off-idle airbteed screws - Reduce air, fuel mixture richness (Trans 
parency 5) 

(NOTE. These are set by factory using flow meters and are sealed 
so that adjustments are not possible.^ # 

G. Carburetor /dashpot -Holds the throttle plate open longer during decel- 
eration to improve the combustion process by allowing more air to enter the 
carburetor (Transparency 5) 



H. Idle-stop solenoid 

1. Establishes a higher engine speed to improve combustion during decel- 
eration • ^ * 

* 

2. More completely closes the throttle plate to prevent dieseling or after- 
run when engine is shut off 

i (NOTE: l-L deal with rqodifications \x\ the fuel metering system,) 

f 

I. Adjustable part throttle (APT) screw -Provides more accurate fuel metering 
from fuel bowl to venturi assemblies , - - ' . 

(NOTE: The APT metering rogi is factory set using speciaLfuel flow meters,) 

J. Electronic fuel control (EFC)--Fuel fl9w. and air mixture are metered by an 
electronicaHy operated mixture control solenoid - 

(NOTE: The GM C-4 computerized carburetor system uses an oxygen sensor 
located in the exhaust rxjanifold and a variable jet carburetor, Jhe air/fu^l 
mixture is regulated* by a mi-xture controhsolenoid located 'in the fuelbovyl 
which is attached to the fuel meter rod. The solenoid is controlled l)y an 
electronic control module which analyzes il^pulses from the oxygen sensor,) 

K. Pull over enrichment fuel feed (POE)-Under conditions of high venturi 
vacuum, additional fuel is provided to the venturi to enrich the mixture 
under heavy engine loads (Transifcrency 7) 



Variable fuel jet system (Vari-jet)-Fuel flow is metered, to the venturi by 
means of electronic or vacuum linkage (Transparency 9) 

]NOTE: A tapepfed moveable rod is controlled by either vacuum or elec- 
tronic units to^ enlarge or decrease the size of the opening in the fuel jet 
allowTtig more or less fuel to enter as engine conditions indicate. Manifold 
vacuum or exhaust system oxygen monitors provide the sensing impulses to 
the control units on the carburetor, GM us6s a computer regulated mixture 
control solenoid in the fuel bowl.) ' , 
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INFORMATION SHEET 




(NOTE: M and N deal with modifications in the venturi system.) 

M piple venturi-The speed of air passing through the carburetor throat is 
increased three times to provide a more even and precise air-fuel mixture to 
the combustion chamber (Transparency 7) 

.(NOTE: The three Venturis are located side by side in the carburetor throat 
to increase the speed of the air flow which mixes the fuel mixture mor-e 
evenly. The system also allows better control of the amount of air flow 
through the carburetor, which is necessary with the new leaner mixtures 
currently used.) 

Variable venturi (Wl-Ti^e^ize of the venturi opening is adjusted to allow 
more or less airflow by a sliding venturi valve actuated by either a vacuum or 
electronic control (Transparency 8) , ^ , 

(NOTE: Some foreign manufactuf'ers have used a round variable venturi 
for a while, but recently, Ford has introduced a rectangular venturi valve 
model which is ele ctronic ally controlled. The electronic system uses an 
oxygen monitor in tRTexTiaust manifold to determine engine fuel needs An 
appr^^priate impulse is sent to the electric control unit (ECU) which analyzes 
the impulse and regulates a vacuum control unit on the carburetor which 
adjusts the venturi opening.) ■ ^ 
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Automatic Chok€ 



Electric Choke System 



To Choke 
Control Switch 



Choke Rod 




Thermostatic Coil 
• Electric Assist Heating Element 
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Assist Systems 

# 

Stainless Steel Thertnostafic Coil Weil 

t " ^ ^ — ~^ 




Stainless Steel Cup 
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Staged, Choke Pulldown 




Temperature - Sensing Bimetal Valve 



V . . J 

Below 16°c (60°F) 




Factory Set Idle Modiflcatidns 

\^ 



Fixed Orifice Restriction 




f 




Fixed Orifice Restriction 



ead Seal 



Idle Limiter 




Idle Mixture Screw 



Idle Adjustment Screw Limiters 

External t 




r 



internal 



Caps Necked Down 
Clear Stop Screw 




Idle Mixture 
Adjusting Screw 



S to Screw 



Other Idle Adjustment Modifications 



Carburetor Dashpot 



Plunger | | 
Depressed | 



Dashpot' 




Adjust to 
Specified 
Clearance 



^ 

Throttle Lever 



J 



Off Idle Air Bleed Adjusting Screw 



Lead Seal 



1 



n 




•Off Idle 
Air Bleed 
Adjustment 




V 



J 



AEC 143 



- , 1 

Idle-Stop Solenoid 




TM6 




Other Carburetor Modifications 

Pull 

(Power Enrichment) > Tnple Venturi 




Variable Venturi System 

Air 





Air 




Fuel 


— 1-^ — ^ 


Air-Fuel 



Venturi Vacuum 
Control ' 
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Variable Fuel Jet System 

Variable Jet Mixture 

Control Solenoid ' . 
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CARBURETOR MODIFICATION 
UNIT VII 



NAME 
TEST 



1 . Write the purpose of carburetor system modification. 



2. List four components which have be,en modified in the carburetor system, 
a. ... 
b. 



d. 



3, Match the modification of the^omponents on'the right to the effect 6f modification 
on the carburetor system 

^ Uses a temperature sensitive \/alve to control ^ i Electronic ^ 

vafcuum assisted mechanism which opens the ' fuel con 

choke faster _ - . ^ ^^^^^ 



_b. Fuel flow and air mixture are metered by 
an electronically operated mixture control 
solenoid 

_c.' The size of the venturi opening is adjusted' to 
allow more or less airflow by a sliding v.enturi 
valve actuated by either a' vacuum or elec- 
tronic control ' 

_d. Supplies^ additional heat to choke coil to 
reduce the tim'e it would normally require to 
^ . open • ^ 

_e. Reduce air fuel mfxture richness 

_f. Provide? faster transfer of heat to choke coil 
to reduce the amount of time engine heat is 
needed to open it 

_g. Prevents increasing idle adjustment richness 
beyond factory set limits 

_h.. Plastic caps which reduce the amount of 
adjustment to approximately 3/4 of a turn to 
prevent setting the idle for an overrlch mix- 
ture 



2. Internal idle 
. control limi- 

ters 

3. Electrical 
element 

4. External idle 
screw limiters 

5. Carburetor 
dashpot 

6. Two-stage 
pulldown 

^ Adjustable 
part throt- 
tle (APT) screw 

8. Stainless 
steel coil 
well 
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I, Holds the 'throttle plate open tonger during 
deceleration to improve the combustion 
process by allowing more air to enter the 
carbu retor 

I Provides more accurate fuel metering frojin 
fuel bowl to venturi assemblies 

k\ Under conditions of high venturi vacuum, 
additional fuel is provided to the* venturi to 
enrich the mixture under heavy engine loads 

I. Fuel flow h metered'-to the venturi by ineans^ 
of electronic or vacuum linkage - 

m. The speed of air passing through the car- 
•buretor throat is^ increased three times to 
provide a more even and precise air-fuel 
fnp<ture to the combustion chamber . 

n. a. Establishes a higher engine speed to 
improve combustion during deceler- 
ation 



9. Pullover 
enrichment 
fuel feed ^ 

10. Triple ventori 

11. Variable fuel 
jet system 
(Vari-jet) 

12. Variable ven- 
turi (VV) 

13. Idle-stop 
solfenoid 



14. 



Factory set 
off-jcHe air- 
^ftl^eect screws 



b. More complet^ty-^^ses the throttle 
^ plate to prevent dieseling or after-run 
when engine is shut off 
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' CARBURETOR MODIFICATIONS 
UNITVII 



• ANSWERS TO TEST 



1. The purpose of carburetor system ciodification is to reduce the amount of hydro- 
carbon and carbon monoxide emissions released to the atmosphere during periods of 
engine idle, warm-up.' and cleceleration 

2. a. Automatic choke system \ '* • 
Ob. Idle system 

c. Fuel metering system 

d. Venturi system \ , 



"'a. 


6 


b. 


> 


c 


12 


d. 


3 


e. 


14 


f. 


8 


g- 


2 


h. 


4 




I 


i, 


5 


i. 


7 


k. 


9 


1. 


11 


m. 


10 


n. 


13 
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IGNITION TIMING SYSTEM 
UNIT VIII 



UWIT^JECTIVE - 



After completton of this unit,' the student should be.able to state the;purpose of the ignition 
timing system and explain the operation of the components of the system The student 
should also be able to deqjonstrate the ability to visually inspect, test and service the com- 
ponents. This knowledge will be evidenced through demonstration and by scoring 85 
percent on the unit test. 



■ SPECIFIC OBJECTIVES 

After completion of this unit, the student should be ^ble to - 

1 Match the components »f the ignition timing system to their correct functions. 
2r State the purpose of the ignition timing system. 

3 Describe the operation of the thermostatic vacuum switch. ' 

4. Describ^ the operation of the dual diaphragm vacuum advance unit. 

5. Explain the operation of the cold start spark advance (CSSA) systern. 
6 Demonstrate the ability to^ 

a. . Test for proper operation of the thermostatic vacuum switch - ' ^ 

b. Test for proper operation of the vacuum advance unit. 



IGNITION TIMING SYSTEM 
UNIT VIII . ' 



SUGGESTED ACTIVITIES 



Instructor: 



A. 



Provide student with objective sheet. 

Provide Student with information and job sheets. 



B. 



C. 



Make transparencies. 



D. 



Discuss unit and specific objectives. 



E. piscuss information sheet, 

F. Demonstrate and discuss the procedures outlined in the job sheets. 

G. Give test. d 
Student: 

A. Read objective sheet. 

4 

B. Study information sheet. ^ 

C. Complete job sheets. 

D. Take test. 



Included in this unit: 

A. Objective sheet 

B. - Information sheef 

C. Transparencyjmasters 

1. TM 1 --Thermostatic Vacuum Switch (TVS/PVS) 

2. TM 2-Carburetor Vacuum Advance Port 

3. TM 3 'Thermostatic Vacuum Switch Operation 

4. TM 4-Dual diaphragm Vacuum Advance Unit and Operation 

5. TM 5-Spark Control Operation Using Multiple TVS/PVS Valves 



HMSTRUCTIONAL MATERIALS 



D. Job sheets . . 

t 

h Job Sheet #J-Test for Rrgper Operation df the Thermostatic Vacuum 
Switch^ 

' 2. Job Sheet #2-Test for Proper Operation of th^>V^rciium Advance 
Unit I , ^ 

E. Test ' ^ ^ 

F. Answers to test 
Referencefis: ' , 

A. Ford Mot6r Company. 1978 Full Size Car Shop Manual. Detroit, Mich.: 
Helm, Inc., 1978. 

B. - 1979 Passenger Car Service Manual. Detroit, Michigan:, Service Section/ 

General Motors Corporation, 1979. 

C. f^ord Motor Company.* Vehicle Emission Control Systems. Detroit, IVIichi- 
gan: Service Publications/Helm, Inc., 1978. 

D. Emission Control Systems Maintenance Manual. Detroit, Michigan: Ser- 
vice Section/General Motors Corporation, 1978. 

9 

E. 1979 Chrysler-Plymouth-Podge Chd$sis^8ody Servide Manual. Detroit, 
Michigan: Chrysler Corporation, 1978. 
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IGNITION TIMING SYSTEM 
- . UNIT VIII 



INFORMATION SHEET 



Gomponents and functions 

A. Thermostatic vacuum switch (TVS/PVS)--A temperature sensitive valve 
which .regulates vacuum from carburetor or manifold ports to vacuum 
advance unit according to engine coolant temperature (Transparency 1) 

(NOTE: The various manufacturers use a temperature sensitive valve and 
comrol vacuum source. Each manufacturer may refer to the switch by 
different names but the function is the same for all. They generally contain a • * 
heat expandable substance like copper oxide paste,) 

B. Dual -diaphragm vacuum advance unit-A vacuum regulated device on the 
distributor that advances engine timing on impulse from the carburetor 
port or , retards timing when a signal is received from the manifold 
port r 

C. Orifice spark advance control (OSAC)-J^ single function valve which restricts 
vacuum advance to the distributor during rapid acceleration but does not ctJt ) 
off vacuum oYi deceleration ' • 

(NOTE: Chrysler uses this method of spafK-contro^. It is a one-way control 
and does not provide spark retard on deceleration,) 

D. Spark delay valve (SDV)-A dual function valve which delays or restricts 
vacuum advance during rapid acceleration and cuts off Vacuum advance on 
deceleration. • . ^ 

t. Coolant temperature override valve (CTO)-A .temperature serr^tive valve ' 
•which directs vacuum advance during conditions of epgine^ovcrheating 

(NOTE: This valve, is a TVS/PVS type valve that allows a* vacuufri* signal ^ 
to pass through when engine temperatures rise above 235'F. General Motor^ ' 
- refers to it a§ a CTO, Chrysler calls it a TIC [Thermostatic Ignition Control 
Valve] , and Ford calls it a PVS,) 

F. Distributor retard control 'valve (DRCV)-A control valve which, restricts 
spark retardation signals to the distributor during conditions of cold engine 
temperatures 

3, Vacuum port-An opening^above the carburetor throttle plate which provides 
carburetor vacuum when, the throttle plate is' opened (Transparency 2) 
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INFORMATION SHEET 



Purpose of the ignition timing system -The purpose of the ignition timing system 
IS to regulate the timing of an automobile ehgine to provide -more effective 
emission cdntrof during conditions of engine idle and deceleration 

(NOTE: E'missions are highest during idle/conditions. To reduce emissions, 
the spark is retarded and idle speed increased which allows greater air volume to 
dilute the fuel mixture and improve combustion The retard is approximately an 
additional 1 from normal retard of ) 

Operation of thermostatic vacuum switch (TVS) (Transparency 3) 

jNOTE. The operation of the TVS is similar to any of the following valves com- 
•monly'used by the auto industry: PVS, CTO, TIC. Some manufacturers use a 
solenoid to control vacuum under normal conditions but rely on a TVS combi- 
nation \ralve to direct vacuunfl when the .engine overheats.) ♦ ' ' 

A. Engine temperature is sensed by the TVS probe in the engine coolant 

B. Under normal conditions the check ball is in a down position 

c/ Vacuum is directed from carburetor port to distributor vacuum advance 

unit . . :> ^ 

D. When engine temperature rises' above 210° the check ball is forced upward 

(NOTE: The copper oxide paste expands when heated and pushes the check 
ball upward agannst the normal spring tension. Temperatures vary with 
application.) 

E. Vacuum from carburetor port IS cut off ^ / 

F. Vacuum is directed from the manifold port to the flistributor 

(NOTE- Prolonged idle can cause ^overheating. To reduce engine temper- 
ature a higher idle speed is provided'fiy causing manifold vacuum to advance 
timing. Engine speed increase promotes cooling by the fan.) 

G. A decrease in engine temperature allov^s the check ball to return to normal 
position , , ^ " • 

Operation of the dual diaphragm vacuum advance unit (Transparency^) . 

A. Vacuum signals are received froQi the carburetor port or intake manifold 
port * ' , • 

B. The outer diaphragm operates on carburetor vacuutn to advance timing 

(NOTE: The outer diapltragm is the advance diaphragm It is larger and, 
therefore, can override the smaller unit with less signal.) 



/ 
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C. The inner (retard) diaphragm operates on manifold vacuum 

^ "(NOTE: Manifold vacuum is stronger at idle and during deceleration than 
carburetor vacuum so the timing is retarded under these conditions.) 



D. 
E. 
F. 

G. 




Calibrated springs center the diaphcagm under low vacuum conditions 

The advance diaphragm is connected to the breaker plate of the distributor 

Movement of the'diaphragms increases or decreases spark timing as the 
breaker plate moves with or against* the distributor rotation 

Under overheat pr cold start, conditions, manifold vacuum is provided 

• to the advance diaphragm to provide needed tim'ing increases 

• • » s 
« • ' • • \ 

.(rslOX€: VacubrVi signal is directed to the distributo/ by .the- TVS. The* 
$ame,si-^nal isYeceived by both diaphragms but the advance unit is farger and' 
can ovefcom^tbesnnrallerone to iricrease or^advancethe timing ) 

V LMer- d^eferation condi;idn§ the weak carbur«tor.^signal to the adva^ice 
diaphragm ^is overcome by the retard diaphragm becSuse of a strong manifold 
vacuiim supply and spark timin'g isVet^rded 

(NOTE; Th€ retar^l vacuunv signal is momentarily delayed on deceleration 
^ in some applicatioosjDut most use a spark delay valve which cuts off advance 

• immediately on deceleration. New methods^provide for continued combus- 
tion^ through air injection systems. so a deceleration vafve is , not* needed in 
trming systems.) ' . * 

V. Cold start spark advance (CSSA) operation (Transparency 5) 

(NOTE: To promote driveabiltty during conditions of>cold engine tempera- 
tures [below 125°F] a cold start system is uSed. This description is of a Ford 
system. Other manufacturers are similar or use "Ambient temperature switches in 
place of a second P VS.) 

A. The system consists of two PVS controls with different temperature ranges^ 
(main PVS and CSSA PVS) 

B. Under normal conditions, the main PVS directs carburetor vacuum sig- 
. nals to the distributor 

C. * inuring cold start conditions the CSSA PVS:. 

"* 

1. Cuts off carburetor vacuum from main PVS 
. , 2. Provides manifold vacuum through DRCV to distributor 
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D. Above 125"F th^SSA PVS: 

1 , Cuts off manifold vacuum 

Z Provides carburetor vacuum through SDV to distributor 

E. During overheating coaditions the main PVS: 

1 , Cuts off carburetor vacuum 

2. Directs manifold vacuum to distributor. 
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Thermostatic Vacuum Switch 

TVS/PVS 
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To Carburetor 
t1 Distributor 

To Intake HVTanifold 



Copperr Oxide Paste 



1 * ' 



TM 1 
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Carburetor Vacuum Advance Port 

r 




Vacuum Port 
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^ Thermostatic Vacuum 
Switch Operation 



Ball Down 



Ball Up 



Carburetor 
Vacuum 




Open 
Throttle 
Plate 



Distributor 
Signal 

No rn^ Off Idle Operation 



Manifold 
Port 



Advance 
Distributor 



No Carburetor 
Vacuum 

1 




Closed 
Throttle 
Plate 



Manifold 
Vacuum 



Distributor 
Signals 

Overheat Condition 



Advance 
Distributor 
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Dual Diaphragm Vacuum Advanc^ 
Unit & Operation^ 

4 

Manifold Vacuum 




Manifold 
Vacuum 
Port 



Carburetor Throttle Body 



Advance 
Diaphragm 



Retard 
Diaphragm 
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Spark Control HUperation 
Using IVlultiple tVS/PVS Valves 



Spark Port 



DRCV 



D 

2 











r ' 












Intake Manifold 
Vacuum Tap 



Regular Spark PVS 



Ci>td Spark PVS 



Cold Engine Operation (Below 125°) 



Spark Porr 



DRCV 




Regular Spark PVS 



Normal Engine Operation 



Cold Spark PVS 



J 



D — 
2 




Regular Spark PVS 



Cold Spark PVS 



Overheating Engine Operation (Above 235°) 
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JOB SHEET #1 -TEST FOR PROPER OPERATION OF THE 
THERMOSTATIC VACUUM SWITCH 

. > \ ' 

Tools and equipment 

A. Two vacuum gauges * ^ 

B. Vacuum pump or outside vacuum source 
Procedures 

A, Disconnect vacuum hoses from TVS/PVS unit 

(NOTE: This description is foi^ 3 connector TVS. The basic procedures 
can be repeat-ed as needed for^B^r applications,) <^ 

8. Connect a vacuum pump to the center or distributor port ^ 

C. Connect, one vaeuum gauge to both top (carburetor) and bottom (mani- 
fold) port 

If 

D. With engine coolant temperature at normal temperature apply vacuum to 
the TVS 

E. The top gauge should have the same readiag as the .source gauge and no 
vacuum should be present at the bottom gauge 

* 

' F. If no vacuOm is noticed at top gauge, replace TVS 
r • . ^ 

G. Raise the engine coolant 'temperature to overheat conditions by cover- 
ing the radiator * * ^ ' 

(CAUTION:- This condition -Should be m3intained for no longer than 3 
^ minutes.) 

/ . ■ " 

(NOTE J The temperature will <[ncrea*e due to lack of airflow through the 
radiatof. The TVS will operate before overheat conditions occur so there is 
ample prevention time to perform testing activities.) 

/' * 

H. Apply vacuum to the TVS and note readings on the gauges 

I. There should be no vacuum on the top gauge and equal readings on the 
' middle and bottom gauges ^ * , • 

J. If no vacuum switch exists on bottom gauge, replace TVS 

K, Remove radiator covering and reconnect vacuum hoses 
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JOB SHEET # 1 

L. Allow engine to run at fast idle for a few minutes to lower coolant tempera- 
ture 

(NOTE. When performing these tests, be certain radiator cap and all water 
hoses are in working condition to prevent damage to engine or loss of 
coolant.) 

M. An alternative check on overheating operation can be performed by noting 
engine R.P.M. increase when vacuum hoses are reconnected 

(NOTE: These are general service procebures. For exact procedures and 
calibrations, check manufacturer's shop manuals.) 
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IGNITION TIMING SYSTEM 
UNIT VIM 



JOB SHEe\^2 -test for PROPEfl OPERATION OF THE 
A VACUUM ADVANCE UNIT 



Tools and equipment 
A Tachometer 

B. Vacuum pump or externaV^acuum source 
C Lme plugs 
D Shop hand tools 
E. .Timing ligh't 
Procedure " 

A. Set parkmg brake and block drive wheels- 

B. Place transmissibn in park or neutral 
C Connect a tachometer and timing ligKt to engine 

(NOTE: An oscilloscope may be used if available,) 
D. Start'engine and allow to warm to normal operating temperature^ 
Check for loose, cracked, or damaged vacuum hoses 



E 



F. Note tachometer reading when warm 

G. Disconnect vacuum advance hose and retard hose at distributor and plug 
^ both hoses after determining if vacuum is present 

H. Set engine idle to manufacturer's specifications and adjust timing to normal 
I retard reading 

* 

I Check for centrifugal advance by accelerating the engine to approximately 
1500 R P M. and noting timir^jf^ark position; repeat acceleration a few 
times 

J Ajpply approximately 1 5 inches Hg of vacuum to distributor advance connec- 
tions I 

K. ^Note R.P.M. increase and determine if vacuum is held by the diaphragm 
for approximately one minute 

L If no R.P.M. increase is noted or if vacuum is not held, replace the advance 
assembly 
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JOB SHEET #2 

M. Apply the vacuum source to the distributor retard connection and note 
R.P.M. decrease 

N If no drop is noted, replace vacuum unit 

0 Stop engine, remove equipment and reconnect vacuum hoses 

(NOTE These procedures are general service d^riptions'. For exact settings 
' and calibrations, check manufacturer's shop manuals.) 



ERIC 



IGNITION TIMING SYSTEM 
UNIT VIII 



AEC 177 



' NAME 
TEST - 



1 Match the components on the right to thfe correct functions. 



A vacuum regulated dmLice on the distributor 
that advances engine timing on impulse from 
the carburetor port or retards timing when a 
signal is received from the manifold port 



_b An opening above the carburetor throttle 
plate which provides carburetor vacuum 
when the throttle plate is opened 

_c A ctual function valve which delays or restricts 
vacuum advance during rapid acceleration ^^id 
cuts off vacuum advance on deceleration 

_d A temperature sensitive valve which regulates 
vacuum from carburetor or manifold ports to 
vacuum advance unit according to engine 
coolant temperature 

e. A control valve which restricts spark retarda- 
tion signals to the distributor during condi- 
tions of cold engine temperatures 

t A temperature sensitive valve which directs 
vacuum advance during conditions of engine 
overheating 

_g. A single function valve which restricts vacuum 
advance to the distributor during rapid 
acceleration but does not cut off vacuum on 
deceleration 



3, 



5, 



Orifice spark 
advance con- 
trol (OSAC) 

Coolant temp- 
erature over- 
ride valve 
(CTO) 

Dual diaphragm 
vacuum advance 
unit 



4, Vacuunci port 



Thermostatic 
vacuum switch 
(TVS7PVS) 



6. Spark delay 
valve (SDV) 

7, Distributor 
retard con- 
trol valve 
(DRCV) 



2. State the purpose of the ignition timing system. 



1 



- 4 
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3. Describe tfie operation of the thermostatic vacuum switch 

a. . 

b. . ' • . , 

c. • , , - 

d. • . . ' 

I 

e. 

g. " ' * 

4, Describe the operation of the dual diaphragm vacuum advance unit 

a. ^ 
b. 

d. ■ 
f. 

g- 

h. 

5. Explain the operation of the cold start spark advance system. 

a. • _ 

b. . ' 

c. , ' . 
d. 

e. 

6, Demonstrate the ability to 

a Test for proper o[)eration of the thermostatic vacuum switch ' 
b. Test fof pro[)er of)eration of the v^um advance unit 

(NOTE If these activities have not been accomplished prior to the test, ask /our 
instructor when they should be completed,) 



i 



\ 
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IGNITION TIMING SYSTEM 
UNIT VIM 



ANSWERS TO TEST 



1. a. 3 

b. 4 

c. .6 

d. 5 

e. 7 

f. 2 

g. 1 



2. The purpose of the ignition timing system is to regulate-the timing of an automobue 
engine to provide more effeciive-emission control during conditions of engine idle sfnd 
deceleration \ ^" \ 



\ 

\ 



\ 



3. Description should include: ' 

a. Engine temperature is sensed by the TVS probe in the engine coolant 

b. Under normal conditions the check ball is in a down position 

c. Vacuum is directed from carburetor part to distributor vacuum advance unit 

d. When engine temperature rises above 210' the check ball is forced upward 

e. Vacuum from carburetor port is cut off 

f. Vacuum istJirected from the manifold poft to the distributor 

g. A decrease in engine temperature allov\/s the check ball to return to normal 
position 

4, Description should include: 

* \ 

a. Vacuum signals are received from the carburetor port or intake manifpid port 

b. The outer diaphragm operates on carburetor vacuum to advance timing 

c. The inner (retard) diaphragm operat«,s on manifold Vacuum 

d. Calibrated springs center the'^rflaphragm under low vacuum conditions 

e The advance diaphragm ^ connected to the breaker plate of the distributor 

f. Movement of the diaphragms increases or decreases spakk timing as the breaker 
plate mdVes v^ith orag^inkt the distributor rotation \ 



\ 



g. Under overheat or cold start conditions, manifolcTvaclium is provided to the 
advance diaphragm to provide needed timing increases , 

h. Under^ deceleration conditions the weak cart)ur]||pr signal to the advance dia- 
phragm is overcome by retard diaphragm because of a strong manifold vacuum 
suppjy and spark timing is retarded 

Explanation should include: , 

a. The system consists of two PVS controls wiJth different temperature ranges 

b. Under normal conditions, the main* PVS directs carburetor vacuum signals to 
the distributor ■ 

c. During cold start conditions the CSSA PVS: 

1 . Cuts off carburetor vacuum from main PVS 

2. Provides manifold vacuum through DRCV to distributor 

d. Above 125'F the CSSA PVS: . 

\ 

1. Cuts off manifcrtd vacuum 

2. Provides carburetorvacuum through SDV to distributor 

e. During overheating conditions, the main PVS: 

1. *Cuts off carburetorvacuum _ 

2. Directs manifold vacuum to distributor 
Performance skills evaluated to the satisfaction of the instructor 

\ . 

\ ■ 

' \ 

V ' 
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SPAI?K ADVANCE CONTROLS 
UNIT IX 



UNIT OBJECTIVE 



After completion of tijis unit, -the student should be able to state the purpose of the trans- 
mission controlled spark system and explain the operation of the components of the system. 
The student should also be able to demonstrate the ability to visually inspect, test, and 
service the components of the system. This knowledge will be evidenced through demonstra- 
tion and by scoring 85 percent on the unit test. 



. SPECIFIC OBJECTIVES 

After completion of this unit, the student Should be able to. 

1 State the purpose of the'transmission controlled spark system, 

2. Match the components of the transmission controlled spark system to their 
correct functions. 

3: Write abbreviations generally U3ed with common terms and components of 
transmission controlled spark systems when given the terrn or component, 

. 4. Distinguish between the components of a speed controlled system and a transmis- 
<sion regulated system, 

5, Explain the operation of the transmission regulated spark system. 

6, Explain the operation of a speed controlled spark system. 

7, Demonstrate the ability to determine the proper operation of a transmission 
co>itrolled spark system. 
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SPARK ADVANCE COTNiTROLS 
UNIT IX 



SUGGESTED ACTIVITIES 

J Instructor: 

A. Provide student with objective sheet. 

B. Provide student with information and job sheets. 
C Make transparencies. 

D. Discuss unit and specific objectives. 

w 

E. Discuss information sheet. 

F. ' Demonstrate and discuss the procedures outlined oh the job sheet. 

G. Give test- 

IL. Student: ^ ^ 

A. Read objective sheet. » 

B. Study mformation sheet. 

C. Complete job sheet. 

D. Take test 




INSTRUCTIONAL MATERIALS 

Included in this unit: 

A. Objective sheet 

B. Information sheet 

C. Transparency masters 

1. TM 1 -Speed Controlled System 

2 TM 2'-Transmission Regulated System 

D. Job Sheet #1 -Determine the Proper Operation of Transmission Controlled 
Spark Systems ' 



E. Test 

F. Answari to test 



References: 

A. Ford Motor Company. 1978 Full Size Car Shop Manual, Detroit, Mich.: 
Helm, Inc., 1978. 

B. General Motors Corporation. J979 Passenger Car Service Manual. Detroit, 
Michigan: Service Section/General Motors Corporation, 1979. 

C. Ford Motor Company. Vehicle Emission Control Systems, Detroit, Michi- 
gan: Service Publications/Helm, Inc., 1978. 

D. General Mo^rs Corporation. Emissions Control Systems Maintenance 
Manual, Detroit, Michigan: Service Section/General Motors Corporation^ 
1978. 
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SPARK ADVANCE CONTROLS 
UNIT IX 



INFORMATION sheet" 



Purpose of the transmission controlled spark system- The purpose of the TCS 
system is to reduce emissions during periods of low speed operation by retarding 
ignition timing 

Components and functions * ' 

' * 

A. Thermosls^tic vacuum switch (TVS/PVSl-A temperature sensitive valve 
which regulates vacuum from the carburetor or manifold port to the vacuum 
advance unit a^cordmg to engine coolant temperature 

B. Transmission switch--A mechanically operated switch located in the trans- 
mission which opens or closes an electrical circuit to a vacuum control 
soleftoid depending on gear selection 

C. Vacuum control solenoid--An electrically controlled valve which regu- 
lates vacuum supply to the distributor vacuum advance unit 

D. Speed sensor-A speedometer cable driven device that generates an electrical 
charge at a predetermined speed to actuate a vacuum control solenoid 

E. Ambient temperature switch--A bimetal temperature lending electrical 
switch that opens or closes an electrical circuit to a vacuum control solenoid 

F. Electronic mntrol module •(ECM)--A solid state or magnetic chip computer- 
like device which analyzes electrical impulses from various sensors and sends 
appropriate signals to engine controls 

G. Speed, control switch-A transmission switch linked to the speedometer 
gear which uses a governor like method to open or close a circuit to the 
vacuum control solenoid according to vehicle speed 

H. Combination emission control valve (CEC) -A triple function electromag- 
netic control which operates as a transmission controlled spark solenoid, an 
idle stop solenoid, and a dashpot on some G.M. autos 

I. Electronic amplifier- An electrical control which increases the strength of 
impulses received from engine sensors and sends the stronger signal to 
electronic epgine controls ' 

Common abbreviations for components and terms of the TCS system 

A. TCS-Transmission Controlled Spark System 

B. NOx- Chrysler name for Transmission Controlleq^ Spark 

C. TRS -Transmission Regulated Spark 
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J 

D. CEC'-Combination Emissions Control 
E ECM-Electronic Control Module , 

- . % 

F. PVS-Ported Vacuum Switch 

G. CTO-Coolant Temperature Override Switch 

H. TVS -Thermostatic Vacuum Switch 
I TIC -Thermostatic Ignition Control- 
J. CCS-^Controlled Combustion System 

K OSAC -Orifice Spark Advance Control System 

L ESC" Electronic Spark Control " , : ^ - 

M. EEC-Electronic Engine Control System 
N. SDV -Spark Delay Valve ' , 
0. CSC- Coolant Spark Control 
P. SCS--Speed Control Switch 

# 

Q. SAVM- Spark Advaf)ce Vacuum Modulator 
R. CSSA -Cold Start Spark Advance 
IV. Components found in the two types of transmission controlled spark systems 
A Speed controlled (Transparency 1) 

1. Vacuum solendid ^ ^ 

2. PVS overheat system 

3. Cold start override system 

4. Speed sensor 

5. Electronic amplifier 

B. Transmission regulated (Transparency 2) 

1. Vacuum solenoid 

2. PVS overheat system 

3. Cold start override system 

4. Transmission switch 
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V. Operation of the transmission regulated spark system 

(NOTE: On manual transmissions the switch is linkage activated. On automatic 
transmissions it js operated by fluid pressure. Both are inactive under cold condi- 
tion because of the cold start override systems utilized to improve drive'ability.) 

A. Normal vacuum advance is provided until engine temperature reaches 95°F 
or ambient air temperature is above 65*F 

(NOTE: Temperature ranges are different for each application,) 

B. When vehicle is in 1st or 2nd gear the transmission switch energizes'the 
. vacuum solenoid 

C. Vacuum is cut off from the vacuum advance unit and timing is retarded 

3 

D. When the transmission is in high gear the,transmission switch deenergizes the 
vacuum solenoid 



Vacuum is restored to the vacuum advance unit to provide normal timing 



F 



.Whenever the transmission is shifted to a lower gear the transmission switch 
^ ^ energizes the solenoid and timing is retarded 

G, Under engine ^overheat conditions a PVS will direct mani/old yaguum to 
the advance unit regardless of gear selection ^^ 

(NOTE: The system is protected by automatically providing manifold 
vacuum to the advance unit when a system component, malfunctions.) 



VL Operation of a speed controlled system 



A. Normal vacuum is provided until, engine temperature reaches 95T or am- 
bient air temperature is above dS'F 

B. When vehicle speed js below a preset Jimit the solenoid is energized by the 
r electrical circuit 

t 

(NOTE: Vehicle speed is generally preset at lower than 30 mph but this 
varies with engines and manufacturer's.) 

C. Vacuum isxut off to the advance unit and timing is retarded 

D. When vehicle speed increases above the preset limit, the speed sensor sends 
an elettrical charge to the electronic amplifier 

(NOTE: Some systems have a speed sensor that opens an electrical ci/q^to 
deenergize the solenoid instead of^'ne that produces an electric cha^f^he\/ 
' do not use dW.electronic amplifier.) 



The amplifier deenergjzes the vacuum solenoid 
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F. 



Vacuum is restored to th« vacuunj advance unit to provide normal timing 

When vehficle speed drops below 20 mph the sensor stops sending signals 
to the electronic amplifjer ^ ' 



. H. The vacuum solenjDtd is energized and timing is retarded 



J. Under engine over|>crkf conditions, a PVS will direct manifold vacuum to 
the advance unit regarwess of vehicle speed- 



* FRir 



Speed Controlled System 




Electric PVS valve 
used on some models 



Ambient Temperature Switch 



Vacuum Operation 



Electrical Operation 



1 
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Transmission Regulated System 




Vacuum Operation 



Electrical Operation 
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SPARK ADVANCE CONTROLS 
UNIT IX 



JOB SHEET #1- DETERMINE THE PROPER OPERATION OF 
TRANSMISSION CONTROLLED SPARK SYSTEM 



Tools and equipment 

A Timing light ' ' 

B Tachometer 

C Shop hand tools 

D. Freon canister • * 

E Electric test light 

F. Thermometer , . , 

9 

Procedure* ^ . 

A Place vehicle on hoist andelevate so rear wheels are off t/ifi-ground 

B. Connect timing light and tachometer to engine 

C Start engine and note spark advance under cold conditions 

D If equipped with ambient air switch spray with freon to approximate cold 
conditions and note timing ^ 

(NOTE Steps E through H are for transmission regulated systems. Steps 
I ;hrough 0 are for speed controlled systems.) - ' 

E With engine warm, place transmission in low gear and note timmg change 

F^ If timing does not retard in low gear, test electrical circuit to solenoid 

G If current is operational, replace solenoid 

H Place transmission in^high gear and note Timing advance * 

(NOTE, ff no advance is noted, check for vacuum^ at distributor Replace 
advance unit if no advance is noted when vacuum is present.) 

I With enqine warm, place transmission ip high gear and adjust engine speed so 
that vehicle speed is 1 5 mph and note timing change 
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J. If timmg does not retard, check electrical current to solenoid 

K, If current is operational, replace solenoid 

L Increase engine and vehicle speed to 35 mph and note timmg change 

M. It no timing advance is noted, check for vacuum at distributor 

N. If vacuum is present, replace the advance unit 

0. If no vacubfn is present, check the electrical circuit from the speed sensor 

P. If no charge is'bemg generated, replace the sensor 

Si " . 

(NOTE: On some applications a speed switch is used to open a circuit 
No current is present in this application ^t speeds above 3S mph.) 

c 

Q. It current, is generated by the sensor, check the electronic amplifier or 
solenoid and adjust or replace as needed 

R. ; Check for engine overheat by placing a piece of cardboard in front of radi- 
" ator and noting engine timing acfvance as engine coolant reaches 200°F 

(CAUTION. Do not prolong this test for more than 3 minutes Engine PVS 
systems operate before overheat conditions so ample time is provided 
tacorhplete the test" Allow engine to idle before'stopping.) 

*/■ 

S. Remove all equipment and test apparatus from engine" 

T. Remove vehicle from the hoist • y 

(NOTE These' procedures are basic. Specific repair procedures are provided 
in manufacturer's shop manuals. Most components are not servK:eable and 
must be replaced.) ^ 



17;, 
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SPARK ADVANCE CONTROLS 
UNIT IX 

NAME 



TEST 



1. State the purpose of the transmission co'ntrolled spark system. 



2. Match tine components on the right to their cprrect functions. 



- \ 



\ 



_a. A bimetal temperature, sensing electrical 
'switch that Qpens or clones an electrical 
circuit to a vacuum control solenoid * 

_b. An electrically controlled valve which regu- 
lates vacuum supply to the distributor vac- 
ijum advance unit 

_c. An electrical control which increases the 
strength of impulses received from engine 
sensors and sends the stronger si^gnal to 
electronic engine controls 

_d. A temperature sensitive valve which regulates 
vacuum frc^m the carburetor^or manifold port 
to the vacXium advance unit according to 
engine coolant temperature 

_e. A transmission switch linked to the speedo-"^ 
\ metfer gear which uses a governor-like method 
\ to open or cjose a cjrcurt: to the .vacuum 
\ control solenoid according to vehicle speed 

f. \ mechanically operated 'switch located 
in\the transmission which opens or closes an 
^ electrical circuit to a vacuum control solenoid 
depending on gear selection 

_g. A solr^ -state or magnetic 'chlp^corr^uter- ' 
like device which analyzes electrical impulses 
from various sensors and sends appropriate 
signals toWgine.controls^ 



1. Thermostatic 
vacuum switch 

' * (PVS/TVS) 

2. transmission 
switch 

V 

\^ 

3. Vacuum control 
solenoid 

4. Speed sensor^ 

5. Ambient tempera- 
ture switch 

6. Electronic con- 
trol module (ECM) 

1, Speed control 
switch 

' 8, Combination / 
ernission con- 
trol valve 

(CEO 
f 

9. Electronic 
amplifier 
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^h. A speedometer cable driven device that 

generates an electrical charge at a predeter- 
mined speed to actuate a vacuum control 
solenoid 

i. A triple function electromagnetic control 

which operates as a transmission controlled 
spark solenoid, an idle stop solenoid, and a 
r dasHpot on some G.M. autos 

3 Write the correct abbreviations in the blanks in front of the common terms and com 
ponents used in the transmission controlled spark system, 

a. Ported Vacuum Switch 

^ b. Coolant Temperature Override Switch 

c Electronic ConXrol Module 

'd. Thermostatic Vacuum Switch 



e. Combination Emissions ^ontrol - 

f Thermostatic Ignition Control 

g Transmission Regulated Spark 

h, Controlfed Combustion System 

i. Chrysler name for Transmissior^ Controlled Spark 

j. Orifice Spark Advance Control System 

k. Transmission Controlled Spark System 

I. Electronic Spark Control 

m. Cold Start Spark Advance 

j n Electronic Engine Control System 

, o Spark Advance Va*um Modulator 

0. Spark Delay Valve 

q Speed Control Switch 

r Coolant Spark Control 
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> 

4, Distinguish between the components of a speed controlled system and a transmission ' 
regulated system by placing an "X" beside the components found in a speed controlled 
system. 

a. Cold start override system 

, b. PVS overheat system , 

* * 

c. Transmission switch 

d. Electronic amplifier > ^ 

i e. Vacuum solenoid 

f. Speed sensor. 



5. Explain the operation of the transmission regulated spark system. 
• a. 

b. . V 

c. 

f. 

6. Explain the operation of the speed controlled spark system, 
a 

b. ^ ^ 

c, 

) 

d. ^ " 

e. 

f. 

g. 

h. ■ * - . 



Demonstrate the ability to determine the proper operation of a transmission controlled 
spark system. • 

(NOTE: If this activity has not been completed prior to the test, ask your instructor 
when it should be accomplished.) 



r 
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SPARK ADVANCE CONTROLS 
UNIT IX 



--^ANSWERS TO TEST 

1 Ttie purpose of the TCS System is to reduce emissions durmg periods of low speed 
operation by retarding ignition timing 



a 
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I) 


3 


e 
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(1 
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0 
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, PVS 


b 


CTO 
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tCM 


ci 


TVS 
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CEC 
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TIC 
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TRS 
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CCS 


t. 


NOx 
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OSAC 
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TCS 
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ESC 




CSSA 


n, 


EEC 


0 


SAVM 


P 


SDV 


q. 


' SCS 




CSC 
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6 
4. 
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4 a, b, d, e, f 

5 Explanation should include: 

'* a. Normal vacuunn advance is provided until engine temperature reaches QB^F or 
ambient air temperature is above 65°F 

b. When vehicle is in 1st or 2nd gear the transmission switch energizes the vacuum 
solenoid 

c. Vacuum is cut off from the vacuum advance unit and timings retarded 

/ ^ 

d. When the transmission is in high gear the^transmission switch deenergizes the 

vacuum solenoid ^\ 

I 

e. Vacuum is restored to the vacuum advance unit to provide normal timing 

f. Whenever the transmission is shifted to a lower gear the transmission switch 
energizes the solenoid and timing is retarded 

m. 

g. Under engine overheat conditions a PVS will direct manifold vacuum to the 
advance unit regardless of gear selection 

6. Explanation should include* 

a. Normal vacuum is provided until engine temperature reaches 95''F or ambient 
air temperature is above 65°F 

b When vehicle speed is below a preset limit the solenoid is energized by the elec- 
* trical circuit 

C. Vacuum is cut off to the advance unit and timing is retarded 

d. When vehicle speed increases above the preset limit, the speed sensor sends 
an electrical charge to the electronic amplifier « 

e. The amplifier deenergizes the vacuum solenoid 

f. Vaotium is restored to the vacuum advance unit to provide normal tirning i 

g When vehicle speed drops below 20 mph the sensor stopf sending signa^ to 
the electronic amplifier 

h. The vacuum solenoid is energized and timing is retarded 

1. Under engine overheat cbnditions ^ will direct manifold vacuum to the 
advance unit regardless of vehicle speed 

7. PerfStmance skills evaluated to the satisfaction of the instructor 



■I 



c 
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EXHAUST CROSSOVER SYSTEM 
UNIT X 



UNIT OBJECTtVE 



After completion of this unit, t+ie- student shoold be able to explain tha purpose of the 
exhaust crossover system and demonstrate tha ability to check for proper operation of the 
system and make needed adjustments This knowledge will be evidenced through demon- 
stration and by scoring 85 percent on the unit test. * 

SPECIFIC OBJECTIVES 

t 

After completion of this unit, the student should be able to: 

1. Match the components of the exhaust crossover systQm to the correct func- 
tions. , 

4 

2. State the purpose of the exhaust crossover system. 

3. List effects of the exhaust crossover system on an automobile engine. 

4. Explain the operation of theSxhaust crossover system. 

^ 5. Demonstrate the ability to check for proper operation of the exhaust jcross- 
^ Q)f6r system an?i make needed adjustments. 



r 
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" EXHAUST CROSSOVER' SYSt EM 
Ur.MfX 



♦ i «5U6GE"STED'ACTIVITIFS '. 

In^tructoi « ' . . ' ' ''. ' ' 

A . Prtjvi(iastijdc*fu witiv objective sfiect 

B fV.vyjde studern ^itfi information and jol) siieets ^ 

C Mcike tr jnspcirf»nci*as ' >^ ' \ . 

D Discuss unit dtul s|)t)cific.ol)jectives 
•E Discuss information slieet 

F , »Oenu>nstrote an^j cJiscuss the fjrocecJures outlineq^in the job sheet. 
G Give tt?st \ ' ' * ' 

Stutient , ^ / 

A Riead oi))ect^ve sheet ^ ^ >^ 

. Study in/ormatiOfi sheet ."^ ^^^"'^ 

C Oor7iplpt*e job sheet . ^ , * ' 

rNSTRUCTIO^NAL I\^ATERIALS 
Included this unit.^ ^ •< ^ * 

A Objective sheet - V ' 

B Information slieet -.—^ % *• ' r 

C TransfMrency masters^- ^ ; ' 

1 ^ J'M 1 Ty'pes^o^ Exhjust Valves . ^ ^ ^ . 

2 TM 2 -Exhdusr Vcilve O()eration 

D Job'Shfijet -^1 Chqck far Pro(>er Operation of'tfic Exfiaust Crossover System 
ami Make Needf;;:] Acljustnfrnts * 

E Tesf • * ' ^ . 



'P Answers to ^est • 

♦ 



ft 



Reference^' 

A. Chrysler ^Corporation, 1979 Oirys^rPlymouth-Dodge ChdSSis Body Ser 
vice Manual Detroit, Michigan Service Departfi^ent, 1978 

B _ Ford Motor Comf)any Vehicle Ein/ssion Control Syst€n)S Detroit, Mich 
igan Service £ublicatrons/Helm; Inc., 1978 

C Ford Motor Compaay. W78 Full Size Car Shop Manual Detroit, Mici^ ' 
Helm, Inc , 19r78 

D General Motors Corporation 1979 Pas^senger Car Service Manual Detroit, 
Michigan Service Section^'General Motors Corporation, 1979 

-E Genera! MotCs Corporation Emission Control Systems Maintenance Man 
ual Detroit, Michigan Service Section/General Motors Corporation, 1978 



EXHAUST CROSSOVER SYSTEM 
UNIT X 



INFORMATION SHEET 
C6mponents ancf^nctions v 

A, Exhaust valve Restricts the flow of exhaust gas from the-exhaust manifold 
(Transparency 1) , 

B Vacuum actuator (motor^*0pens or closes the exhaust valve according 
to vacuum signals from engine (transparency 1) 

C. Thermal vacuum switch (TVS/PVS) -Controis vacuurti signal to vacuum 
motor by closing off vacuum when engine temperatures' increase (Trans- 
parency 2) 

D Thermostatic coil .-Opens or closes the exhaust valve according to the surface 
temperatures of the exhaust manifold (Transparency 1 ) 

(NOTE. A thermostatically controlled system is osed on some applications 
This system is the same as that used in older rriodel applications prior to 
emissions requirements.) ] 

Purpose of the exhaust crossover system-The purposi of the exhaust crossover 
system is to preheat intake gases to improve evaporation and distribution.of the 
air/fuel mixture 

Effects of the exl^aust crossover system on an automobile engine ^ 

A. Shorter cho1<e periods 

B Better driveability ' . • * 

C Helpselfmmate condensation of f^jel 

J . ' - 

D Provides improved evaporation qf fu'el mixture 

E ' Reduces hydrocarbon amissions 

Operation of exhaust crossover system (Transparer^y 2) ' 

A Under coJd ^engine^conditions the thermal vacuum valve (TyS/PVS) is 
, open ' » . 

B. Vacuum* is provided to the vacuum actuator (motor) which clo\s the 
exhaust valve 



^ (NOTE The exhaust valve is 5^)ring Joaded to remain open unless vacu 

IS delivered to th-^ — . . • • 

holds the valve in 
prevent corrosion.) 



IS delivered to the vacuum motor which overcomes spring tension ^nL 
holds the valve in a, closed position The valve is/nade of stainless steel t^ 



INFORMATION SHEET 



Exhaust gases^re restricted from passing through the exhaust pipe 

(NOTE Normaljv the exhaust valve is located on one of the exhaust mani- 
folds (V8) and/gases are routed through the intake manifold riser before 
entering the exMaust system on the opposite side.) . * - 

Gases are forctd to flow through a passage in the intake manifold 

Intake mixtures are heated by exhaust gases 

When the eiigine warms up to predetermined temperature, the TVS/PVS 
cuts off vacuum to valve motor 

(NOTE Th^khermostatic coil system provides the same function of routing 
exhaust gase3 to intake mamfold but it operates by sensing the surface 
temperature oT the exhaust manifold to open the valve.) 

The spring in the valve opens'the valve and restores normal exhaust flow 

(NOTE * There are many modifications of the system in use. GM uses either a 
coolant TVS or an oil TVS. Ford uses a thermostatically controlled valve or 
a vacuum operated valve with a coolant PVS as does Chrysler. Most smaller 
engine [4 and 6 cVlinder] applications use a thermostatic valve.) 
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Types of Exhaust Valves 




Thermostatic Coil 



Counter Balance 



Thermostatically-Operated Exhaust Vah/e 



Exhaust Manifold 



Gasket 



E^^aust Pipe 




Valve Assembly 



Vacu^um Motor 



Vacuum Hose 



Vacuum Operated Valve 



ERIC 



TM.1 
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Exhaust Gases 



Exhaust Valve Operation 



Valve Closed 



/ 

Manifold Vacuum 




Vacuum A/l6tor 



-TVS/PVS 
(Oil or Coolant 



. Cold Engine Operation 



Valve Open 



Exhaust Gases 




Vacuum Motor 
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V\farm Engine Operation 



/ 



4 ^ > 



PVS Closes 
Off Vacuum 



TM2 
\ 



EXHAUST CROSSOVER SYSTEM . 
UNITX 



,:J0B SHEET #1-CHECK FOR PROPER OPERATION OF EXHAUST 
CROSSOVER SYSTEM AND M'AKE NEEDED ADJUSTMENTS 



tools- and equipment ^ 
A. 'Shop hand tools * ' 

B'. Heat valve lubricant - . ♦ * 

G Tachonneter . • . ' < ' , 

Procedure 

A, Visually inspect system for qlamage 

B Move exhausf valve by h^nd to determine freedom of movement 

C, If movement is restricted, spray valve assembly with lubricant 

(NOTE. Normal servicing of the syst^m^ calls for lubrication of th-e valve so it 
should be sprayed whenever it is checked. A damaged valVe should be 
replaced.V 

D. With cold engine, place transmission in park (ajijtomatic) or in neuj^ral 
(standard) and block wheels 

E Attach a tachometer to the engine 

F. Start engine and adjust idle to approximately 1,500 rpm 



'G Remove vacuum Itqse from yapuum motor* ^ - 



( 



H. Check for vacuum by [:H^ng finger over the.end of the hose 

(NOTE. Under cold engine 'conditions there should be vacuum to the 
vacuum motor from the TVS)f*VS to close the valve assembly.') 

I If vacuum is^present, replace the\ose - . 



(NOTE: If ho vacuum is fouipd replace the PVS or determine if hoses are 
connected pi^operly or cracked.) \ 

J < Allow the enginq to warm to normal opiating temperature 

K Remove the vacuum* hose from'the motor assembly aqd check for vacuum 
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1" 

If no vacuum is present, replace the hose 

(NOTE* Under normal operating conditions, the vacuum is cut off by the 
PVS to allow the valve to open. -If vacuum is present, the PVS is faulty and 
must be replaced.) 

Stop the engine, disconnect tachometer, and remove all shop equipment 
from the engine 

(NOTE* These are basic procedures. Some manufacturer's manuals suggest 
using a vacuum pOTp and other tdols. Check the ^manufacturer's manuaf 
for exact procedures and settings.) 
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EXHAUST CROSSOVER SYSTEM 
UIMIT k 



NAME 
TEST 



Match the compcwitints of the exhaust crossover sytem on tfie right to tfieir correct 
functions. 



<3 Restricts the fldw of exhaust gas from the 

•exhaust manifold ^ ' 

b Operis or closes the exhaust valve atcording to 

vacuum signals frqm 'engine 

' ^ c. Controls vacuum signal to vacuum motor 
by closing off vacuum .vyhen engine temp- 
eratures increase 



_d Opens or closes the exhaust vJ^lve'accordinq to 
the surface temperatuFes of the exhaust 
manifold 



1 Tliermostdtic 
coil 

2^ Vacuun) actu- 
ator (motor) 

'3 Exhaust valve 

4 Thermal vacuum 
switch CTVS/PVS) 



State the purpose of the exhaust crossover system 



List four effects of -the exhaust crossover system on an automobile engine 



V 



c. 
d 

Explain the of)eration of the exhaust crosscA/er system, 
a. f 



11 



Demonstrate tiie jl)^litv to check for proper operat^on'of \he exhaust crossover system 
and make needed adjustments ^ 

(NOTE J\ tins di tivity hcis not been accom[)tislied prior to the test^.ask yoOr instructor 
when It shouictbt^ completed ) 
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EXHAUST CROSSOVER SYSTEM 
UNIT X 



ANSWERS TO TEST 



1 a. 3 " ■ , 

b 2 - \ 

c. 4 ' 

d. 1 

2. The purpose of the exhaust crossover systerp is to preheat intake gases to improve 
evaporation and distribution of the air/fuel system. ^ 

3. Any four of the following: ^ . ' 

a. Shorter choke periods 

b. Better drrveability 

^c. Helps elinninate condensation of fuel 

d. Provides innproved evaporation of fuel mi;^ture 
/ '-e. Reducesfiydrocarbon emissions 
'4. 6xplanatioft should includjSr * ' • 

a, , Ur^er cold" enjgine condijwns the thermal vacuum valve (TVS/PVS) is open 

' • • % * 

^ b. , Vacuum is prpvided to the vacuum. actuator fmotar^jvhich closes the exhaust 
^vaU/e 



. ' Exhaust gase^ are restri{;ted from-passmg thrgugh the exhausKpipe^ 

I ^ • \ 

' \id. Gases are forced to flc5w through a passage in the intake manifok 

e. • I nta'ke mixtures are heated by exhaust gases 

f. When the engine warms up to a predetermined temperature, the TV^/PVS cut^* 
off vacuum to valve motor * ' " 

g The spring in the valve opens the valve and restcfres normal exhaust flow 

5.^ Performance skills evaluated to the satisfaction of the instructor. 



EXHAUST GAS RECIRCULATION SYSTEM 
UNIT XI 



UNIT OBJECTIVE 



After completion of this Unit, the student should be able to state the purpose of the e));haust 
gas recircutation (EGR) system. The student should also be able to explain the operation of" 
the EGR system and check for proper operation of the system. This knowledge will be 
evidencedhhrough demonstraton and by .scoring 85 percent on the unit test 

SPECIFIC OBJECTIVES 

After completion of this uoit, the student should be able to- . ^' 

1 Match components associated with the exhaust gas recir.Qulation' system to the 
. correct functions. . . ' , 

2. State the purpj^se of the exhaust gas recirculation system. 

3 Explain the opfeyation of the exhaust gas recirculation system. 

4 Demonstrate the ability to^ check the proper operation of and make necessary 
repairs to the EGR system " . - ^ 



EXHAUST GAS RECIRCULATION SYSTEM 
UNIT XI 



SUGGESTED ACTIVITIES 

Instructor 

A Provide students with objective sheet. . ^ 
B Provide students with information and job sheets. 
C. Make transparencies. , 
D Discuss unit and specific objectives 
E. Discuss infarmatijon sheets. ^ 
R Demonstrate and^discuss thfe procedures outlined on the job sheet. 
' G0 Give test ^ , 

Student" , ' * 

A. Read objective sheet. 

B. Study information sheet. 
C Complete job sheet ^ 

D Take test. " * ' 

INSTRUCTIONAL MATERIALS 

Included in this unit - - ' 

A. Objective sheet 

B. InfoVmation sheet 

C. Transparency masters ' '''^ 

1. TM 1 -Ported Vacuum Control EGR System 

2 TM 2-Ported Vacuum Switch-PVS (Temperature Controlled 
Valve) " • 

3. TM/3 -Amplified Vacuum Controlled EGR System 

4. TM 4 -Single DiafJhragm EGR Valve ' . 
' * ' 5^. TM 5--Dual Diaphragm EGR Valve 

6. TM 6 -EGR Cooler System 



D Job Sheet #1-.Ch^k the Proper Qperation of and Make Necessary Repairs 
to the EG R System 

E , Test 

F. Answers to test * ''^ 
, References 

• A. Chr.ysler Corporation. 1973 En)t$ston Controls. Detroit, MicFTigan: Chrysler 
Corp ' 

^ B. Gargano PromayDns. Vehicle Emissioa Control] Detroit, Mich.: Gargano 
♦ Promotions, IQ'zC 



C. Ford Motor 'Company. 7575 FulhSize Car Shop Manual, Detroit, Mich.' 
Helm, Inc.; 1978. . ^ 

D General Motpr^ Corporation/ 1979 Rassenger Car Service Manual, Detroit, 
,^ Michigan: Service Section/General Motors Corporation, 1979.. 

E. Ford Motor 'Company,. ,*\/e/7/c/i? Emission Control^ Systems Volume II, 
' Detroit Michigan: Service Publicatk^hs/JHelm, Inc., 1978. 

^ > ' ' ^ , ^ 

F. General Motors Corporation. Emission Control Systems Maintenance Man- 
ual Detroit, Michigan, Service Section/General Motors Corporation, 1978. 
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EXHAUST GAS RECIRCULATION SYSTEM 
UNIT XI 



INFORMATION SHEET 



Components and functions 

A. EGR valve-Meters or regulates the ambunt. of exhaust ^as ?low ta the 
intake manifold (Transparency ^) ^ * • 

B. Ported .vacuum switch (PVS)--A temperature actuated valve which con-, 
trols vacuum flow from carburetor port to EGR valve according to engine 
sensor signals (Transparency 2) 

C. Timed vac.uum port-Slot like- opening in the carburetor throttle body 
above the throttle plate in idle liositton which provides vacuum signal 
to system 

D. Vacuum amplifier-Increases vacuum signal strength from carburetor timed 
vacuum port (Transparency 3) 

E. Single diaphragm EGR valve-Controlled only by signals from vacuum 
source (Transparency 4) 

F. Dual diaphragm EGR valve-Controlled by both vacuum signals and back 
pressure from exhaust system (Transparency 5) 

G. Back pressure transducer valve-Reguldtes vacuum signal to EGR valve 
* according to back pressure probe sensors in exhaust system 



H. EGR pooler- Uses ^ngifi^ coolant to reduce and regulate recirculating exhaust 
gas tehiperature (Transparency 6) 

Purpose of the exhaust gas recirculation system-The purpose of the exhaust gas 
recirculation systerh is to meter exhaust gases to the air/fuel mixture 



(NOTE: Exhaust gases contain little oxygen and will not support comt)ustion, 
they absorb some of the heat of combustion and, therefore, reduce combus- 
tion temperatures t© control NOx emissions.) 

Operation of the exhaust gas recirculation system 

A. When the engine is first started and no vacuum,is available, .the EGR valve is 
held closed by the spring in the unit ^ * ^ 

B. When engine speed is increased and engine temperature increases to warm up 
the temperature controlled valve (PVSK vacuum is directed to the EGR valve 

(NOTE: To improve driveability, the PVS closes off vacuum to the EGR- 
valve until engine temperature reaches a predetermined level at which 
time the PVS opens to provide vacuum to the EGR valve.) 
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C. The vacuum supply causes the diaphragm to lift the Valve up to the open 
position 

D Exhaust gases are metered through the EG^I adapter plate and mixed with 
the air/fuel mixture 

E. As engine speed increases, under warm conditions, the manifold vacuum 
increases which causes the EGR valve to open more fully 

(NOTE- Systems using the amplified signal method have the vacuum signal 
from the carburetor directed to the amplifier unit rather than directly to the 
EGR valve. The result is th? same for both methods, increased vacuum 
causes greater opening of EGR VaJve.) 

F. Under higher speed conditions a cut off v^lve reduces manifold vacuum 
• to the EGR valve'which causes it to close 

(NOTE; To improve driveability -in some engines, a high-speed modulator 
IS used to cut off vacuum supply One system uses ^n electrical solenoid 
which overrides the PVS or vacuum amplifier when a signel is received from 
a speed sensor located on the speedometer cable. When speeds are below the 
pre set limit, the system functions normally Other systems use a modulator 
valve in the EGR valve which doses the EGR valve when high vacuum ' 
conditions exist.) ' 

G. Back pressure from the exhaust system is monitored to regulate the EGR 
valve 

(NOTE; As back pressure builds gp during acceleration a monitoring system 
in the EGR valve or in the exhaust system cuts off vacuum to the EGR valve 
and causes it to close. A dual diaphragm EGR valve is used m some applica- 
tions and an electronic sensor is used in others.) 

H. As the engine shuts down, all components return to closed or "off" position 

(NOTE- Some newer model applications have an EGR cooling system which 
uses engine coolant to reduce exhaust gas temperatures. This system provides 
a uniform gas temperature entering the combustion chambers to assist the \ 
combustion process and improve driveability.) ■ i 



Ported Vacuum Control EGR System 

Carburetor Signal Port 
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Ported Vacuum Switch-PVS 

(Temperature Controlled Vacuum Valve) 



r 



Check Ball 




I Valve^ • 

LVacuum ■ 
J. Source 



Temperature Sensor 
(Probe) 



J. w ; 
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Amplified Vacuum Controlled EG R System 

; » » / 

" — ^ — - 

Radiator Top Tank 



Amplifier 



Manifold 
Vacuum Line 




VentaH¥a)fuijm /; " 
"Sensing Line' 



Tfimpsrature Eontrolled ' 
Vacuum Valve 



EGR Valve 
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1 
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Single Diaphragm £6 R V^Ive 



S.r - 



r 



E6R \?alve. (aosed). 
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•Vaciitm.Line 
£onnection*V 
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Seal 

Valve Shaft 
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Duaf Diaphragm EGR Valve 



* Cpntror Valve Open 
Filter Screen \ Vacuum Chamber 
Spring\ \ - / Restriction 

Spring 
(Control 
Valve) 



/ Timed 




"H. Manifold 
Vacuum 



Air Flow 



Diaphragm 
Deflector 



Exhaust Gas (In) 

□Exhaust Gas 




Control .Valve- Closed 
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Source 



xhaust 
0 Intake 
Manifold 
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EGR Cooler Syste 
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EXHAUST GAS RECIRCULATION SYSTEr 
UNITXI - 



JOB SHEET #1--CHECK THE PROPER OPERAJ^ OfIaND MAKE 
' N&CESSARY REPAIRS TO THE EGR SYSTEM 

I. Tools and equipment ^ 

A. Tachometer - J- , • , 

B. Appropriate hand t ools-^ ' 

C. Protective gloves 

II. ' "Procedure ' , ' 

A. Inspect all hoses for cracks and connections for proper fit 

B. " Set parking^rake and block drive whee<s 

C. Place transmission Tn neutral (standard) or in park (automatic) 

D. Attach a tachometer, to the engine 

• * i 

. E. Start engine and adjust throttle to approximately 1,500 rpm 

' (NOTE:, Steps F through^ I are used only to determine proper operation 
of the PVS. Proceed to step J. to determine proper operation of the EGR 
9 vatve for a quick check of the system or when the PyS is not suspect.)' 

F. Remove vacuum line to EGR valve from PVS and .check to see that there 
is no vacuum 

, — • • 

G. Replace vacuum hose and allow engine to warm to normal operating temp- 
erature 

H. Remove the PVS hose and check for vaci^um ' 

(NOTE: There should be vacuum present when the engme is at operating 
temperatures. If not, the sensor unit must be replaced.) 

I. Replace vacuum line 



J. Accelerate the warm engine to approximately 2,000 rpm 

) 

K. Disconnect the vacuum line from the EGR valve 

L. If engine. RPM .increases indicating proper operation, replace the vacuum 
hose 

M. If engine RPM does not increase, but the valve moves, remove the EGR 
valve 
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JOB SHEET #1 

\ 

N. CTean vafve assembly and passages in manifold and replace unit 



0. Repeat steps J and K to determine proper operation 

P. Replace all hd$es, shut off engthe, and^disGonnect tachometer 



(NOTE On fiual diaphragm EGR valveSy^some vibration of the valve stem 
will occur due to the modulation v^lve in |he system. Thisjs normal opera- 
tion and does not require correction.) 



( 
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EXhfAUSTGAS RECIRGULATION SYSTEM 
UNITXI 



NAME 
TEST 



1. Match the components on the right to the correct functions 

^. Meters or regulates the amount of exhaust gas 

flow to the intake manifold 



_b' A temperature actuated valve which controls 
vacuum flow from carburetor port to EGR 
valve accordmg to engine sensor signals 



3 
4 

5. 

6 
7. 



Slot like opening in the carburetor throttle 

body above the throttle plate in idle position 
which provides vacuum signal to system 

> d Increases vacuum signal strength from car- 
buretor timed vacuum port 

e. Controlled only by signals from a vacuum 

source 

^- Controlled by both vacuum signals and 

back pressure from exhaust system 

8 

J g. Regulates vacuum signal to EGR valve accord- 
ing to back pressure probe sensors in exhaust^ 

system , 

i 

h. Uses engine coolant to reduce and regu- 
late recirculating exhaust gas temperature « 

2. State the purpose of the exhaust gas recirculatiqn*(EGR) system. 



Single diaphragr]! 
EGR valve 

Back pressure 
transducer valve 

EGR valve 

Vacuum 
amplifier 

Dual diaphragm 
EGR valve 

EGR cooler 

Timed vacuum 
port 

Ported vacuum 
switch (PVS) 



Explain the operation of the exhaust gas recirculation system. 



Demonstrate the ability, to check the proper operation of and make necessary repairs 
to the EG R system. 



(NOTE: If this activi-ty has not been accomplished prior to the test ask your instructor 
when It should be completed.) 
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EXHAUST.GAS RECIRCULATION SYSTEM 

UNIT XI > , 

> - 

ANSWERS TO TEST 

1. a, 3 e. 1 

b. 8 f. 5 

c. 7 g, 2 

d. 4 h. 6 ' 

2. The purpose of the exhaust gas recirculation system is to meter exhaust gases to 
the air/fuel mixture. 

3. Explanation should include 

a. When the engine is first started and no vacuum'is available, the EGR valve is held 
closed by the spring in the unit, 

b. When engine speed is increased and engine temperature increases to warm up 
the temperature controlled valve (PVS), vacuum is directed to the EGR valve 

c. The vacuum supply causes the diaphragm to lift the valve up to the open position ^ 

d. Exhaust gases are metered through' the €GR adapter pl^te and mixed with the 
air/fuel mixture 

e. As engine speed increases, under warm conditions, the manifold vacuum increases 
which causes the EGR valve to open more fully 

f. Under higher speed conditions, a cut off valve reduces manifold vacuum to 
the EGR valve which causes it t6 close 

\g. Back pressure from the exhaust system is monitored to regulate the EGR valve 

h. As the engine shuts dowrt, all components return to closed or "off" position 

4 Performance skill evaluated to the satisfaction of the instructor. 

\ 
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POSWIVE CRANKCASE VENTILATION SYSTEM 
UNITXIl ^ 



.UNIT OBJECTIVE 

After completion of this unit, the student should be able to explain the purpose of the positive 
crankcase ventilation (PCV) system The student will also be able to explain the operation 
of the system and be able to visually inspect, test and service the system This knowledge 
will be evidenced through demonstration and by scoring 85 percent on the unit test 



SPECIFIC OBJECTI^S 

After completion of this unit, the student should be able to' 

1. Write the purpose of the positive crankcase ventilation (PCV) system 

2. ' Explain the operation of the positive crankcase ventilation system. 

3. Demonstrate the at^ility to- 

a. Make a general, test of the PCV system. 

b. Test the PCV system operation vfnh a tachometer, • 
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POSITIVE CRANKCASE VENTILATION SYSTEM 

UNIT XII 



SUGGESTED ACTIVITIES 

I. Instructor: 

A. Provide students with objective sheet. 

B. Provide students with information and job sheets, 

C. Make transparencies. 

D. Discuss unit and specific objectives. 

E. Discuss information sheets. 

F. Demonstrate and discuss the procedures outlined in the job sheets. 
' Give test., 

II. Student: 

A. Read objective sheet. 

B. Study information sheet. 

C. Complete job sheets, 
♦ D. Take test. 

INSTRUCTIONAL MATERIALS 

I. Included in this unit: 

A. Obiec^ive sheet 

B. InformaUon sheet 

C. Transparency masters 
1. TM 1 CtQscdPry^Skitem 
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2. TM 2-PCV Valve Positions 

3. TM3--PCV Air Filter 
\ 



D. Job sheets 

• 1. Job Sheet' #1 "Make a'Geheral Test of the PcVsystem 
«■ . ~ * • 

■ 2. .Job Sheet #2-Test the PCV System Operation .with' Tachometer 
E: Test • • ■- 

If 

F; 'Answers to test 

V 

References • • ' , * ' 

A. Chrysler Corporation. J979 Chrys/er-Plymouth-Dodge Chassis-Body Ser- ' 
vice Manual. B^Xro'yX. Michigan: Service Department, 1978. 

B. Vehicle Emission Control. Detroit, Mich. Gargano Promotions, 1973. 

C. Glenn, Harold T. -Glenn's EnHssion Control Systems. Chicago, III.: Henry 
. Regnery Co., 1972. • - ' . ' • - ' 

D. Patterson, D. J. and Henein, N. A. Emissions from Combustion Engines 
ind Their Control. Ann Arbor, Michigan: Science Publishers, Inc., 1973. 

E. Oldham, Joe and Forier, Lou. Motor's Emission Control Manual New 
York, N.Y. 

* 

r Ford Motor Company. Vehicle Emission Control Systems. Volume I, Detroit, 
Michigan: Service Publications/Helm Inc. (1978). 

G. Emission Control Systems Maintenance Manual. Detroit, Michigan: Ser- 
vice Section/General Motors Corporation, 1978. 
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POSITIVE CRANKCASE VENTILATION SYSTEM 
UNIT XII 



INFORMATION SHEET 

Purpose of the positive crankcase'ventilation system (PCV)-The purpose of the 
f^CV system is to remove blow by gases and crankcase vapors from the Engine 
in order to prevent sludge formation and oil dilution 

Operation of the positive crankcase ventilation system (Transparency 1) 

(NOTE: Vapors which build up in the crankcase must be removed to prevent 
possible engine damage. In early model automobiles, draft tubes accomplished the 
purpose and were later converted to open PCV systems because of federal regula- 
tions. Today's aatom^bJlps use a closed PCV system to provide a more efficient 
operation. This description is of a closed system.) 

A. During engine .operation .blow-by gases and' oil vapors are accumulated 
in the crankcase 

B. Fresh air is drawn into the* crankcase through the oil filler cap from the air 
cleaner by a tube assembly (Transparency 3) 

(NOTE: This air is filtered by the air cleaner filter or by a separate fi+ter 
located on the inside of the air cleaner assembly.) 

C. The fresh air mixes with the crankcase vapors Bnd gases, then is drawn 
out through the rocker arm cover and directed to the intake manifold 
(Trans^rency 1 ) 

D. The PCV control valve regelates the amount of vapor which enlfers the 
intake manifold (Transparency 21 

(CAUTION: When a PCV is replaced, the new valve must be matched with 
engine specifications according to manufacturerVinstructions.) 

(NOTE: Due to the precise air- fuel mixtures requined by today^ engines, the 
carburetors are calibrated to compensate for the PCV system. To accomplish 
this, the PCV valve is matched to the engine size. Otherwise the fuel mix- 
tures would be inappropriate for proper engine operation.) 

E. During engine idle conditions, the PCy valve is closed to restrict the amount 
of airflow from the brankcase so as not*to overly dilute the air/fuel mixture 

(NOTE: Under low speed operation with reduced manifold vacuum, a 
spring in the PCV valve partially opens the valve to ajlow more airflow from 
the crankcase.) ^ 

P Under norm al load with n ormal manifold vacuum, the PCV valve is fully 

opened to 3raw the maximum airflow from the crankcase 
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INFORMATION SHEET 



Under conditions ofi, high manifold vacuum such as in deceleration, the 
spring tension is overoorVie and the PCV valve is closed 

{NOTE The valve is designed 'so that a small amount of airflow is drawn 
through it by means of a small orifice to allow rrankcase ventilation at idle 
or deceleration when manifold vacuum is high. Some ventilation also occurs 
through the air cleaner hose Uf9l9r hfgh speed conditions.) 

The PCV valve is fully closed during a backfire to prevent a possible explo- 
sion in the crankcase 

(NOTE This situation sets up a reverse condition or manifold pressure 
instead of vacuum that causes the valve to close. Gases and vapors in the 
crankcase are combtjstible so the ignition backfire could ignite them if the 
exhaust was allowed to enter.) 





Closed PCV System 




Sealed Oil Dip Stick 



Sealed. Oil 
Filler Cap 



Blow-By Gases 
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PCV Valve Positions 
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Idling or Low Speed 




Partially Open 



r 



Engine Higher Speed 




Max Flow Position 



r 



Engine. Backfire 



Plunger or Valve 



2^ " 




TM 2 
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PCV Air Filter 



Temperature 
Switch 
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Bimetal 
Sensor 



Vacuum, Motor 




PCV Filter 



Filter Retainer 



Vent Hose 





Air Cleaner 
Housing Retainer 



A. 



Connector 



J 
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POSITIVE CRANKCASE VENTILATION SYSTEM 
UNITXIl 

JOB SHEET-^I- MAKE A GEf^ERAL JEST OF THE PCV SYSTEM 

. Tools required Hand tools as needed 

Procedure , ' * • 

r 

A. Remove PCV valve 

■4' 

B. Shake PCV valve 

(NOTE: A clicking noi^e should be heard,) ^ 

C Reinstall valve m hose leading to intake manifold, leave other end of PCV ^ 
, valve disconnected 

D. Start the engme ^ 

(NOTE: A distinct htssthg noise should be heard.) ^ ' 

E. Place finger over the end of the PCV valve 
(NOTE- A strong vacuum should be feltj 

F. Reinstall PCV valve 

G. Remove oil filler cap ' . ' 

% 

H. H(5ld a piece of fairly heavy paper next to the opening 

(NOTE: It should be drawn down against the opening with noticeable 

force.) ' ' ' 

I. Reinstall oil filler cap 

J. Shut off engine I 

It 

(NOTE: The preceding results show that the PCV valve is operating and 
the system hoses are C'lear.) 

(CAUTION: If^t^acement of PCV valve is required, be .ceriaja-lo use" - 

____Jl!^^°"^^[[*S^?Lioj^vrsjpzope^ 

^ (NOTE/! These are BASIC PROCEDURES. Check the manufacturer's service '^^^ 
shop manual or technical manual for exact procedures for each make and ^ 
model.) 
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POSITiVE CRViNKCASE VENTILATION SYSTEM 
UNIT XII I 

JOB SHEET #2-TEST THE PCV SYSTEM 0PERA.TION WITH A TACHOMETER 

I. Tools required'Tachofn^ter 
11, Procedure 

A. . Connect tachometer to the engine 

B. Start the engine * 

C. Clamp off the hose between the PCV valve and the intake manifold 

D. If the system is operating colTectfy, a drop of 40-80 rpm will'be seen on the 
tachometer 

E. No change in rpmr indicates a sticking^CV valve, plugged hoses, or dirtv PCV 
filter ^ 

F. A drop in engine rpm, in excess of 80 rpm, indicates that the wrong PCV 
yalve for that engine has been installed 

(NOTE: These are BASIC gflOCEDURES. Check the manufacturer's service 
shop manual or^ technical manual for exact procedures for each make and 
* model.) 
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■POSITIVE CRANKCASE VENTILATION SYSTEM 
UNITXIl 

NAME 

TEST 

Write the purpose of the positive crankcase ventilation (PCV) system. 



Explain the operation of the positjve crankcase ventilation system. 



Demonstrate the ability to: 

a. Make,a^^eral test of the PCV system. 

b. Test the PCV system operation'with a tachometer. 

(NOTE: If these activities have not been accomplished prior to the test ask your 
instructor when they shou Id be completed. ) ^ • 



PpSl.Tii^ CRANKCASE VENTILATION SYS+EM 

UNIT XII . ; 



ANSWERS TO TEST 



The purpose of the PCV system, is to remove blow-by gases and crankcase vapors 
from the engine in order to prevent sludge formation and oil dilution 

Explanation should include: 

a. During engine operation blow-by gases and oil vapors are accumulated in the 
crankcase 

b. Fresh air is drawn iifto the crankcase through the oil filler cap from the air cleaner 
by the tube assembly 

c. The fresh air mixes yvith the crankcase vapors and gases, then is drawn out 
through "the rockeii'arm cover and directed to the intake manifold 

d. The PCy control valve 'regulates the amount of vapor which enters the intake 
manifold 

\ 

e. During engine idle conditions, the PCV valve is closed to restrict the 'amount of 
airflow from the craakcase so as not to overly dilute the air/ fuel mixture 

f. Under normal load with normal manifold'vacuum, the PCV valve is fully opened 
to draw the maximum airflow from the crankcase 

g. Under conditions of high manifold vacuum such as in deceleration-, the spring 

tension is overcome and the PCV valve is closed 

^ f 

h. The PCV valve is fully closed during a backfire to prevent a possible explosion in 
, the crankcase 

Performance skills evaluated to the satisfaction of the instructor 
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AIR INJECTION SYSTEM 

UNITXIII . V 



UNIT OBJECTIVE 



ERIC 



After completion of this unit, the student should be able to explain the purpose of the air 
injection system. The student should also be able to inspect, test, and repair components of the 
system. This knowledge will be evidenced through denH)nstration and by scoring 85 percent 
OR the unit test. 



SPECIFIC OBJECTIVES 



After completion of this unit, the student should be able to: 

1. Match parts associated with the air injection system to their correct functions. 
"2. State the purpose of the air injection systemlj 

3. Explain the operation of the air injection system. 

4. List the functions of the diverter (air by-pass) valve. 

5. Distinguish between the functions and effects of valves which control the diverter 
valve. 

9 

6. List the six major components of computer controlled (electropic) systems. 

7. List the three components of the pulse air injection system. 

8. Explain the operation of the pulse air injection system. 

9. Demonstrate the ability to: 

a. Inspect air manifold and hoses. 

b. Inspect drift belt and set correct tension, 
•c. Check air pump output. 

d. Check diverter valve operation. 

e. Inspect check valve operation. 

f. Check vacuum differential valve operation. 
, g. Check proper operation of auxiliary control mechanisms. 
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AIR INJECTION SYSTEM 
UNITXIII 



SUGGESTED ACTIVITIES 

Instructor- 

A. Provide students with objective sheet. 

3 Provide students with information and job sheets. 

C. Make transparencies. 

D. Discuss unit and specific objectives. 

E. Discuss information sheets. 

F. Demonstrate and discuss the procedures outlined on*job sheets. 

G. Give test. 
Student" 

A. Read objective sheet. 

r 

6. Study information sheet. 

C. Complete job sheets. 

D. Take test. 

INSTRUCTIONAL MATERIALS 

Included lo this unit; 

A. Objective sheet. 

B. Information sheet. 

C. Transparency masters * 

1. TM 1 "Air Injection System ^ / 

2. TM 2-Types of Qiverter Vatves 

3. TM 3-Diverter Valve Operation 

4. TM 4-Air Manifold and Check Valve Assembly 
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5. TM 5- Auxiliary Systems 

6. TM 6--Pulsed Air System 

7. TM 7"£lectronic Engine Control (EEC) Ford System 

8. TM 8-Computer Controlled Catalytic Converter GM (C4) System 

D. Job sheets 

1, Job Sheet #1 -Inspect Air Manifold and Hoses 

2 Job Sheet #2- Inspect Drive Belt and Set Correct Tension 

3. Job Sheet #3- Check Air Pump Oulput 

• 4. Job^Sheet #4"Check Diverter Valve Operation 

5. , Job Sheet #5-lnspect Check Valve Operation 

'6. Job Sheet #6--Check Vacuum Differential Valve Operation 

7. Job Sheet #7-Check Proper Operation of Auxiliary Control Mecha- 
nism ^ 

E. Test 

F. Ansvvers to test 
Refer^nces. - < 

A. Chrysler Corporation. 1979 Chrysler-Plymouth-Dodge Chassis-Body Ser- 
vice. Manual. Detroit, Michigan: Chrysler Corporation/Service Depat^t- 
ment, 1978. 

8. Ford Motor Company. 1978 Full Size Car Shop Manual. Detroit, Mich . 
Helm, Inc., 1978. 

C. Ford^Motor Company. Vehicle Emission Control Systems. Volumes 1 and 
II. Detroit. Michigan. Service Publications/Helm Inc , 1978. 

D. , General Motors Corporation 1979 Passenger Car Service Manual. Detroit, 

Michigan: Service Section/General Motors Corporation, 1979. 

E. General Motors Corporation. Emission Control Systems MaintenanQe Man- 
ual Detroit, Michigan* Service Section/General Motors Corporation, J 978. 

F. General Motors Corporation. 1980 Phoenix Service Manual. Pontiac, Michi- 
gan: Pontiac Motor Division, 1979 

G Glenn, Harold T. Glenn's Emission Control Systems Chicago, III., Henry 
Regnery Co., -1972. 

H,* Joe Oldham and Lou Forier, Motor's Emission Control Manual New York, 
N. Y.: Motor. 
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AIR INJECTION SYSTEM 
UNIT XIII 

INFORMATION SHEET 

I. Parts.and functions 

(NOTE: Not all systems use every component described below.) 

A. Air pump-Supphes filtered air to the air injection system (Transparency 1) 

B. Check valve-Prevents exhaust gases ..from entering the pump assembly 
(Transparency 4) 

* 

C. Air injection manifold-Tube liKe device which distributes compressed 
air to the exhaust system (Transparency 4) 

D. Air injection tube (nozzlel-Directs air from air injection manifold into 
exhaust port " 

E. Diverter (air by-pass) valve-Controls the supply of injected air to system or 
to atmosphere according to engine conditions (Transparency 1 ) 

F. Vacuum differential valve-Controls vacuum supply to the diverter valve 
(Transparency 5) 

G. Solenoid vacuum valve-Controls vacuum supply to vacuum differential 
valve according to various temF>erature sensors (Transparency 5) 

H. Floor pan switch-Senses temperature of floor of automobile (Transparency 

I. Air cleaner temperature switch-Senses engine compartment temperature 
(Transparency 5) 

' J. Ported vacuum switch (PVS)-Senses engine coolant temperature (Trans- 
parency 5) " ^ 

K,, Pressure relief valve-Relieves excessive system pressure caused by air pump 
at high engine speeds or system restrictions (Transparency 2) 

L, Air supply valve---Directs secondary (injected) air to the exhaust manifold or 
fhe catalytic converter (Transparency 7) 

II. Purpose of the air injection system-The purpose of the air injection system is'to 
supply air to the exhaust system in order to continue the combustion process and 
reduce hydrocarbon emissions 
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INFORMATION SHEET 
Operation of the air injection system 

A. When the engine is started the air punnp compresses and discharges air 
to the diverter valve 

B. Manifold vacuum opens the diverter valve where the air is metered and 
sent to the air injection manifolds 

C. A check valve in each air injection manifold allows compressed air to flow 
into the exhaust port but prevents return of the air and gases to the diverter 
valve. 

> 

D. Injected air is mixed with exhaust gases to continue the combustion process 
of unburned hydrocarbons 

\ Functions of the diverter (air by-pass) valve (Transparency 3) 

A. Provides pressure* relief to the system caused by: 

1 . Excess pump volume . ^ t 

2. Restrictions in the hoses and systems tubing \ 

B. Dumps pump output to the atmosphere under the following conditions: 

1 . Engine deceleration 

2. When engine cootant temperature is below normal operating level 

3. When engine coolant temperature is above normal operating level 

4. When the'floor pan temperature is above normal operating levrel 
Functions and effects-of the valves which control the diverter valve 

A. Vacuum differential valve (VDV) 

1. Function-Senses a> vacuum pressure change under deceteration which 
causes the valve to dump all vacuum and prevent it from going to tf>e 
diverter valve 

2, Effects 

a. Diverter valve closes to prevent compressed air from entering 
exhaust distribution system * , . ^ ^ 

b. Air is diverted to atmosphere through the muffler in the diverter 
valve until vacuum is restored by the VDV 
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INFORMATION SHEET 

B. Solenoid vacuum valve 

1 . Function -Closes off vacuum supply to the VD V when electrical- signals 
are received from the ported vacui/m switch, the air cleaner tempera- 

I ture switch, or the floor pan switch 

2, Effects- Divert er valve responds to vacuum signals to dump com- 
pressed air as needed ^ 

* 

(NOTE: Under periods of long idle, engines tend to overheat due 
to ignition, carburetor, and other emission modifications. Engine 
coolant temperature senscn-s prevent excessive overheating by providing 
signals to engine controls. The catalytic converter also overheats during 
prolonged idle due to higher exhaust gas temperature. To prevent 
overheating, the diverter valve dumps the air when signals from the 
floor pan switch are sent to the solenoid vacuum valve,) 

VI. Components of computer controlled (electronic) system (Transparencies 7 and 8) 

A. Exhaust gas oxygen sensor 

^ 

B. ^ Electronic control module 

C. Variable ratio carburetor 

D. Three way catalytic converter 

E. Throttle switch 

F. Air supply valve 

(NOTE: Some models use some but not all of the components listed. Some 
models divert injected air into the catalytic converter when engine tempera- 
* ture is normal and through exhaust manifold when temperature is below 
normal.) 

VII. Componentsof the pulse air injection system (Transparency 6) 

(NOTE: This systen is'used in some small 4 and 6 cylinder applip^tons in place 
of the air pump method.) 

\ 

' . A. Pulse air valve assembly 

B. Check valves (located in valve assembly) 

C. Connecting tubes 
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^ INFORMATION SHEET 

I 

VIII. Operation of the pulse air injection system 

A. The check valves are connected to separate exhaust ports by pipes 

B. Air IS drawn in through the check valves as exhaust manifold pressure 
changes at each port 

(NOTE: When the engine fires, a pulsating effect is created in the exhaust 
ports.. This pulsating effect alternates negative pressure with exhaust 
^ pressure.) 

C. The negative pressure or vacuum created at the exhaust port allowsifresh air 
to mix with exhaust gases in the exhaust manifold 

D. Exhaust gases continue the combusfiofi process to reduce hydrocarbon 
emissions 

E. When positive pressure is present, the check valve closes and burr^ed gases are 
exhausted through the system as normal 

F. The process Is repeated for each cylinder to serve the same purpose as 
' , injected air methods 




ERIC 



AEC 269 

Air Injection System 

r ' — '■ — — ^ 



Check Valves 




Dh/^rter Valve 



TM 1 
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Types of Diverter Valves 

/ - 




Timed Type With Vacuum Vent External Muffler Type 



Exhaust Manifold* 




Intemal Muffler Type 



Diverter Valve Operation 

I 

Normal Operation 
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Manifold Vacuum Lifts 
Valve Up 

Valve Is Opened 



Pump Driven Air Is Directed 
To Manifold 



Diverter Valve Closed 



Deceleration or Vacuum Interruption 



Vacuym Differential Valve Briefty_ 
Cuts Off Vacuum 



Spring Pulls Valve Down 




Valve Closes Manifold Outlet 



Diverter Valve Opens Exhaust 
Air Through Muffler 



Pressure Relief 



(Excess Pump Volume 
^ Restriction Downstream 



Pump Pressure Opens Valve 



Some Air Partially EfXhausted 




Some Air Passes 
To Manifold 
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Air Manif^d and Check Valve Assembly 



From Air Pump 



Check Valve 
Spring 




Check Valve 



To Air Manifold 



Check Valye Assembly 



Check Valve 




Air Manifold' 
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_ Auxiliary Systems 

7'^ 
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6 VACtlUM 
APPLIED 
TO BY-PASS 
VALVE 



FROM 
PUMP ' 




7 THERMACTOR AIR 
FLOW TD EXHAUST 
MANIFOLD 



NORMAL ENGINE TEMPERATURE 
(AND NORMAL AM^tENT AIR 
TEMPERATURE) 



3 ELECTRIC COOLINOPVS 
ISBELOWOPERATING ' 
TEMPEQATUR^ AND 
COfTTACTS ARE OPEN 



1 FLOOR PAN 
SWITCH 
CONTACTS 
ARE OPEN 



GROUND 
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Pulsed Air System 



Manifold 



Pulse Air Valve 




Valves 



Front 



Section Through Valve 



Check Valve 
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Electronic Engine Convol-iEEC) 
Ford System 



3= 



Cold Temperature 
Vacuum Switch 



V,acuum Lines 

— . — Secondary Air 
Electrical Wire 



Secondary 
AirCont Valve 



4 Check Valve 




Electrical Input 



Tn 'T.jch' Tf'si 
Tcrmtn.il At Ignition Coii 



Computer Controlled Catalytic Converter 

GM (C-4) System 
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Air 



Flow 



Carburetor 



Vacuum. 
Switch 



Engine 



Exhaust 



Oxygen 
Sensor 



Lean Limit Signal (2.8 Litre V-6) 



Throttle Mode (2.8 Litre V-6) 



Coolant Temperature 



Engine Speed 



Vacuum Mode' 12.5 Litre L-4) 



r 



Q Carburetor Solenoid Signal 
Pulsair Solenoid Signal . 



Pulsair 




Solenoid 




(2 '8 Litre V-6) 









System Malfunction 
Lamp 



Electronic 
Control Module 



iJ 



3-Way 
Catalyst 



12 Volt Power - 
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Lean Mixture 



Oo in Exhaust Gas 



Carburetor Control 
"Leans" Mixture' 

-4 

Electronic Control 
Unit Energizes 
.Carburetor Solenoid 

1^ 

High Sensor 
Voltage . 



Low Sensor 
Voltage 

^- 

Electronic Control 
Unit Oe-Enecgies 
Carburetor Solenoid 

Carburetor Control 
Enrichens Mixture 



Less Oo in 
Exhau^ Gas 



TM8 
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AIR INJECTION SYSTEM* 
UNITXIII 



JOB SHEET #1--INSPECT.AIR MANIFOLD AND KOSES 



Tools required-Hand tools as needed 
Procedure 

A. Inspect air manifold for holes and fractures 

B. Inspect air hoses for cracks, deterioration, holes and routing (no kinks or 
sharp bends) - • , ^ 

• *■ • 

C. Inspect and check all hose and manifold connections for tightness 

(NOTE: Soapy watec can be used to check connections ) 

• (€AUTiaN: DO NOT GET ANY WATER NEAB A mO VANE' PUMP 
CENTRIFUGAL FILTER. THIS CAN DESTROY THE PUMP ) " ' * . 

. ^ (NOTE:'These are BASIC PROCEDURES'. Gbeck the manufacturer's ser\Aice 
^^hop manyal or teehpicaf manual for exact -procedures for eqch make and 
^ moder.) ' % ' • 
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AIR INJECTION SYSTE^/t 
UNIT XIII 



JOB SHEET #2 -INSPECT DRIVE BELT'AND SET CORRECT TENSION 

I. Tools required 

A. Hand tools as needed , - ' • 

B. Pry bar ' • - 

C. Belt tension gauge 

» % 

e • * ' " 

^11. Procedure r • • " 

. , -A. Turn belf Ibver^and visually inspect for wear, cracks' and deterioration. 
^(NOTE: Replace if necessary.)' . ' ^ 

B. CKecK appropriate service manual forcorrect'belt tension setting . - 

C. Using belt tension gauge, check belt tension 

D. If tension of bajt mu$t be reset, loosen appropriate bolt<s) 



E. 



Move pump outward to establish proper belt tension 

(CAUTION: Do not usQ^pry'bar against the pump body as this can cause 
internal damage to the pump assembly 

(NOTE: Check^manufacturer's recommendations for lo^cation to plafee pry - 
bar or use special tool designed by the manufacturers for this purpose,) 

Tighten bolt(s) which were loosened in step D • 

^NOTE: These are BASIC PROCEDURES. Check the manufacturer's service 
^hop manual or technical manual for exact procedures for each make and 
model.). 
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AIR INJECTION SYSTEM 
UNIT XIII 



JOB SHEET #3 -CHECK A^R PUMP OUTPUT 

Tools required -Hand tools as needed ' * , ' * 

Procedure • , , 

A, Loosen cjamp and remove one outlet hose fron^diverter valve ' * • 
Start* the engine ^ " 

C. Check 'the air flow from the outlet on the diverter valve 

D. Acc&lerate engine to approximately 1 500 rpm 

(NOTE: Ajr flow should increase as engine speed ing-eases,) 

E. If air flow does nqt- increase, ctieck.for air flQw out. of the diverter valve 
rnuffler > . • " ' 



F, Shut off engine 

G. Reconnect hose ^ 
*H. Tighten clamp' ^ 

l< Start engine and check for air leaks on reconnected hose 

(NOTE: These are BASIC PROCEDURES. Check the manufacturer's service 
manual or technical manual ^or exact procedures for each make and model.) 



\ 



AEC 291 



AIR INJECTION SYSTEM 
UNITXIII 



JOB SHEET #4-CHECK DIVERTER VALVE OPERATION 

Tools-Shop tools as required ► - - * 

P raced u re 

A. Warm engine to operating temperature * 
B/ Disconnect vacuum hose from diverter valve 

C. Check for vacuum by placing finger over the end of the hose 

D, R^onnect \^uum hose to diverter valv.e „ 1 

^. Check diverter valve muffler to^ determine if air is escaping 

(NOTE: There should be no air escaping under normal conditions, A restric- 
tion in the tubing or air lines will cause the relief valve to open and discharge 
air through the muffler.) 

F. If air is escaping, check all lines for kinkj and/or binds 

G. Make the necessary repairs to remove the obstruction 

H. Place hand by diverter valve 

I. Quickly open and close the throttle * ' 

J. Determine if air is released through the muffler for a brief period wlien the 
throttle is closed 

K. A blast of air indicates the valve is functioning properly 

(NOTE: These are BASIC PROCEDURES. For exact procedures, check 
manufacturer's manual.) • 



2 ' 
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AIR INJECTION SYSTEM 
UNIT XIII 



f » 

c « 



; JOB SHEET #5--INSPECT CHECK VALVE OPERATION 



Toots 

Shop tools as, required 
Procedure 

A. Disconnect air hose from diverter at the check valve connectiaa(s), 

B. Remove check valve from air injection manifold(s), 

(NOTE. Be careful not to bend the aif manifold when removing the valve,) 

C. Blow through the valve in the direction of normal air flow 

D. Reverse the valve and try to blow against the valve assembly 

If air flow is not restrictecl in step C but is restricted in Step D, valve opera- 
tion is normal 



E. 



F. If air flow can be made through the reverse position, replace the defective 
valve 

G. Reinstall the vc^Tln the air manifold(s) 

H. Reconnect the air line(s) 

I. Check for air leaks according to normal procedures , 

(NOTE, These are BASIC PROCEDURES. For exact procedures, check 
manufacturer's manual,) 
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AIR INJECTION SYSTEM 

^UNITXIII ^ 

JOB SHEET #6-dVlECK VACUUM DIFFERENTIAL VALVE OPERATION 

I. Tools 

Shop tools as needed 
II Procedures 

A. Warm engine to nornnal operating temperajure 

B. Disconnect air hose from diverter valve to air manifold 

C. Check for vacuum to the VD V by removing vacuum hose from vacuum input 
^ side of th6 valve ,* • ^ • . ^ 

D. . Reconnect vacuum hose to valve 

E. With transmission in neutral or fJark, increase engine speed and quick- 
ly close throttle ^ A ' 

F Determine if air output from diverter valve changes from hose outlet to 
mu^er ar by-pass outlet for a brief period 

G. l-f no change is noticed,:feplace VDV * 

H. Repeat steps E and F if VDV is replaced 

I. Stop engine and reconnect air hose to diverter valve 

J. Start engine and check for air leaks according to suggested procedures 

(NOTE: These are BASIC PROCEDURES. For texact procedures check 
manufacturer's manual.) 
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, AIR INJECTION SYSTEM 
UN^ XIII 

i 

JOB SHEET #7"CHtCK PROPER OPERATION 
OF AUXILIARY CONTROL MECHANISMS 



Tools 

. A- Shop tools as needed 
B. Electrical leads 
Procedure 

(WOTE: The main control valve is generally an electric solenoid which closes off 
vacuum to the 'div^rter valve on response to electrical signals. These signals come 
from temperature or speed sensors located in various parts of the chassis gnd 
engine,) 

A, Start the engine and warm to operation temperature 

B, Disconnect vacuum hoses from solenoid vacuum valve ' 

C, Energize the valve by directly connecting it to an electrical source in the 
engine compartment 

D, • Hold finger over vacuum outlet from solenoid valve and reconnect vacuum 

hose froqi intake manifold to the valve 

E, It no vacuum is felt, replace the valve assembly and repeat steps C & D 

F, Replace vacuum hoses 

G, Remove external electricaj source 

H, Check operation of each of the other auxiliary controls 

(NOTE: The following procedure is used for each switch or sensor which 
sends electrical signals to the solenoid vacuum valve. The steps are repeated 
for each electrical connection from the sensors.) 

1, Disconnect vacuum hose from solenoid to VDV at the VDV 

2, Place finger over the end of the vacuum hose ^ 

3, Disconnect the electrical wiring from the sensor to solenoid wiring at 
sensor attachment 

(NOTE: Jhis can be done at-the sensor [switch] or at electrical modu- 
lator or amplifier if so equipped,) 



JOB SHEET #7 



If no vacuum is felt, switch is functioning properly 

If vacuum is felt, replace switch ^ 

Reconnect the wiring 

(NOTE: The switches can also be^checked by using a self-power test 
light if desired. ^This procedure will confirm suspected broken or loose 
wirmg conditions,) 
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AIR INJECTION SYSTEM 
UNITXIII 



NAME 
TEST 



V 



1 . Match the parts on the right to the correct functions. 

^ Supplies filtered air to the air injection system 
-« 

Prevents exhaust gases from entering 'the 

pump assembly 

c. Tube like device which distributes compressed 

air to tHe exhaust system 

d. Directs air. from the air injection manifold 

into the exhaust port 

e. Controls the supply of injected air to system 

or to atmosphere according t6 engine condi- 
tions 

y Controls vacuum supply to the diverter 

valve 

9- Controls vacuum supply to vaguum differ- 
ential valve according .to various temperature 
sensors 

^ h. ,§enses temperature of floor of automobile 

Senses engihe -^ompartment temperature 

j- Senses engine coolant temperature \ 

Relieves excessive system pressure caused by 

"^^r pump at high engine speeds 'or system 
restrictions < / 

: Directs secondary (injected) air to the exhaust 

manifold or the catalytic converter 



2. State the purpose of the airjnjection system. 



1, Ported vacuum 
switch (RVS) 

2, Air injection 
tube (nozzte) 

3, Solenoid vacuum 
' valve, 

4, Air pump 

5, Floor plan 
switch 

6, Pressure relief 
valve 

m 

7, Chefck vafve 

8,, Diverter (air 
. by-pass) valv6 

9f, Air supply valve 

10. Air cleaner 
temperature 
switch 

11. Vacuum differ- 
ential valve 



12. Air injection 
manifold 
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the operation of thp-air irijection system. 
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4 List the functions of the diverter (air by-pass) valve. 



2) 

1) 
2) 
- 3) 

• 4) - 

5 Distinguish between the functions and effects of the vacuum differential valve and the 
solenoid vacuum valve by. placing an/'X" next to the functions and effects of .the 
solenoid i/acuum valve. 

a. 1) Function-Closes off Vacuum supply to the VDV when electrical signals 

are received from the ported vacuum switch, the air cleaner tempera- 
i ture switch, or the floor pan switch 



)ff 9acuur 



* 2) Effects-Diverter valve respond* to vacuum signals to dump com- 
^pressed air as needed 

b, 1) Function -Senses a vacuum pressure change under deceleration which 
causes the v-alve td.dump all vacuum and' prevent it from going to the 
diverter valve 

2) ^ Effects ^ , 

• a. Divef<ter valve closes to prevent compressed air from entering 
exhaust distribution system 

b. Air js diverted to atmosphere through the muffler in the diverter 
valve until f acuum is restored by the VDV 



l^a 



^ 4 i 
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6, List SIX major components of the computer controlled (electronic) system, 
a. 

' b . ' • ) 

d. 

e. ^ . • 

f. 

7, List three components of the pulse air injection system, 
a. 

« 

' c. 

8, Explain the operation of thie pulse air injection "system. 
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9 Den\onstrate the ability to. 

a. Inspect air manifold and hoses. 

b Inspect drtve belt and set correct tension 

c Check air pump output . • " 

9 

,d Check diverter valve operation 
, e Inspect check valve opejoatiiin, 

f Check vacuum differential valve operation 
* g Check proper operation of auxiliary control mechanisms 

(NOTE: If these activities have not been accomf)li$hed prior tu the test, ask your 
insituctor when they should be completed.) 
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AIR INJECTION SYSTEM 
UNIT XIII 



0 

ANSWERS TO TEST 



a-. 


4 




d. 2 


' g- 


3 ' 


J. 


1 


b. 


7 




e. 8 


h. 


5 


k. 


6 


c. 


12 




-"f-.^--1 1 


' i. 


10 


1. 


9 



The purpose of the air injection system is to supply air to the exhaust system m order 
to continue the combustion process and reduce hydrocarbon emissions 

Explanation should include: 

a. When the engine is started the air pump- compresses and discharges air to the 
diverter valve . . ^ 

b. Manifold vacuum opens the diverter valve where the air is metered and sent 
to the air injection manifolds 

c. A check valve in each arr injection manifold allows compressed air to flow into 
the exhaust port but prevents return of the air and gases to the diverter valve 

d Injected air is mixed with exhaust gases to continue the combustion process 
of unburned hydrocarbons 

a. Provides pressure relief to the system caused by: 

1 ) Excess pump volume 

2) Restrctions in the hoses and systems tubing 

b. Dumps pump output to the atmosphere under the following conditions: 

1) Engine deceleration 

2) When engine coolant temperature Is below normal operating level 

3) When engine coolant temperature is above normal operating level ^ 

4) When the floor pan temperature is above normal operating level 



a. 


Exhaust gas oxygen sensor 


r 


b. 


Electronic control module 




c. 


Variable ratio carburetor 




d. 


Three-way catalytic converter 




e. 


Throttle switch 




f. 


Air supply valve 




a. 


Pulse air valve assembly 




b. 


Check valves (located in valve assembly) 




c. 


Connecting tubes 





Explanation should include: 

a. The check valves are connected to separate exhaust ports by pipes 

b Air IS drawn in through the check valves as exhaust manifold pressure changes at 
each port 

c. ^ The negative pressure or vacuum created at the ext>aust^or^allows fresh air to 

mix with exhaust gases in the exhaust manifold 

d. Exhaust gases continue the combustion process to reduce hydrocarbon emis- 
sions 

e. When positive pressure is present, the check valve closes and burned gases -are 
exhausted through the system as normal 

f • The process is repeated for each cylinder to serve the same purpose as injected air 
methods 

Performance skills evaluated to the satisfaction of the instructor 
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CATALYTIC CONVERTER SYSTEMS 
UNIT XIV 



UNIT'OBJECTIVE 



After completion of this unit, the student should be able to explain the purpose of catalytic 
converter systems; The student should also be able to explain the functions of the catalytic 
system components and perform maintenance activities. This knowledge will be evidenced 
through demonstration and by scoring 85 percent on the unit test. 



After completion of this unit, the student should be able to: 

1. Define the emissions triad. 

2. Match the components of the catalytic converter system to their functions. 

3. State the purpose of the catalytic converter systecn. 



5. Describe the four components of a three vyey catalytic converter (TWC). 
6! Explain the function of a two way converter (COC). 

7. Explain the function of a three way catalytic converter (TWC). 

8, Explain the operation of the catalytic converter protection system during the 
operating conditions of deceleration, cold air, and warm-up: 

9 State the two purposes of nonlead.ed gasoline. 



10 Demonstrate the ability to: 

a Replace the catalyst ir^ a converter. 

b Check for proper operation of the catalytic converter protection systefn. 



SPECIFIC OBJECTIVES 



4. 



Match the type of catalytic converter systems to their proper descriptions. 
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CATALYTIC CONVERTEfl-^V&TEMS 
l/NITXIV 



SUGGESTED ACTIVITIES 

Instructor: 

A. , Provide students with objective sheet. 

B. Provide students with information sheets. 

C. Make transparencies. 

D. Discuss u^t and spficific objectives. • . * 

E. Discuss information sheets. 

F. Demonstrate^and'discuss the procedures outlined in the job sheets. 

(NOTE: It is suggested that the instructor make up job sheets accord- 
ing to the specific mal|e and model of vehicle available to the shop.) 

G. Give test. 
Student: 

A. Read objective sheeit. . ^ 

B. Study information sheet. 

C. Complete job sheets. ^ ^ 

D. Tak^est. 

INSTRUCTIONAL MATERIALS 

Included in this unit: 

A. Objective sheet* 

B. rnformation sheet 

C. Transparency masters 

1. TM 1 --Exhaust System With Catalytic Converter and Heat Shields 

2. TM 2-Two Way (COC) Catalytic Converter Components 



ERIC 



3. TM 3-Tbree Way Catalytic Converter 

4. TM 4--Catalyst Protection System (Advanced Type) 

5. TM 5"Three Way Converter System 

6. TM 6-4Jnleaded Fuel Filler Inlet 
b. Job sheets * ' 

1. Job Sheet #1"Replace the Catalyst in a Converter 

2. Job Sheet #2--Check for Proper Operation of the Catalytic Con- 
verter Protection System 

E. Test 

F. Answers to test 
References 

A. Chrysler Corporation. 1979 Chrysler-Plymouth-Dodge Chassis-Body Ser- 
vice Manual. Detroit, Michigan: Service Department, 1978. 

B. Ford Motor Company. 1979 Full Size Car Shop Manual, Detroit, Mich.: 
Helm, Inc., 1978. 

C. Ford Motor Company. Vehicle Emission Control Systems. Detroit, Michigan: 
Service Publications/Helm, Inc., 1978. 

D. Gepe.ral Motors Corporation. Emission Control Systems Maintenance Man- 
ual. Detroit,^Michigan: Service Section/ General Motors Corporation, 1978. 

<* 

E. General Motors Corporation. 1979 Passenger Car Service Manual, Detroit, 
Michigan: Service Section/General Motors Corporation, 1979. 

F. Glenn, Harold T. "The 1975 Cars-- New Gpncepts .for the Auto Shop-School 
Shop," Industrial-Technical Education, Oct. 1974. * 

G. Henein, N.A. and P.atterson, D./j. Emissions From Combustion Engines 
ancj Thetr Control, Ann Arbor, Mich.: Ann Arbor Science Publications, 

Inf. 
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CATALYTIC CONVERTER SYSTEMS 
UNIT XIV 



INFORMATION SHEET 



Emissions triad-The emissions triad are emissions containing oxides of nitrogen, 
unburned hyjdrocarbons, and carbon monoxide gases 

Components and functions of the catalytic converter system 

A. Catalyst- Substance used in converters whFch alters exhaust gas chem- 
istry 

B. Rhodium -Catalytic substance which controls oxicjes of nitrogen (NO^) 
emissions 

# 

C. Palladium-Catalytic substance which controls hydrocarbon and carbon 
monoxide emissions 

D. Platinum -Catalytic substance which controls hydrocarbon and "carbon 
monoxide emissions^ 

E. Monolithic material-Catalyst coated ceramic material which is honey- 
combed to provide a larger surface area for exhaust gases to pass through 
(Transparency 2) • 

F. ^ Stainless steel mesh-Metal covering the catalyst element used to provide 

protection and speed up heat transfer within the converter (Transparency 2) 

G. Heat shield-Provides protection to car chassis and envif^rn^iu4iwn;1)^ 
generated by the converter system (Transparency 1) \ 

H. Secondary air-Air injected mto^ exhaust system to c^tinue the burning 
of hydrocarbons 

I. Electronic sensors-Switch-like devices located throughout the engine and 
chassis which moni-tor operating conditions of the automobile 

J. Electronic control unit ,(module)-Major component of an electronically 
controlled system which receives signals from sensors and sends impulses to 
appropriate engine controls (Transparency 4) 

(NOTE: The electronic cpntrol unit or the module (ECU or ECM) is the 
"brain" of the system. The printed circuits and microprocessor components 
are programmed to perform logic functions. This unit selects proper car- 
buretor and Secondary air settings according to -input signals from the 
sensors. Each unit is programmed for the vehicle model and engine applica- 
tion for precise operating conditions.) 
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INFORMATION SHEET 

♦ 

K. Air supply valve-Cbntrols injected air flow from the air pump to the con- 
verter or to the exhaust manifold (Transparency 5) 

III. Purpose of the catalytic converter system-The purpose of the catalytic converter 
system is to reduce the oxides of nitrogen, hydrocarbon, and carbon monoxide 
eniissions.from exhaust gases 

IV. Types and'descriptlon of catalytic systems 

A, Two-way converter (COC-;Conventional Oxidation Catalyst) 

1. Contains palladium and/or platinum catalyst 

m 

2. Controls only hydrocarbons and carbon monoxide emission 

\, 

3. Used with or without secondary air injectuw*-«vstem 
' B. Three-way converter (TWC) 

1 . Contains rhodium, platinum and/^jjr palladium catalyst 

2. Controls oxides of nitrogen, hydrocarbons, and carbon monoxide 
emissions 

3. Requires secondary air injection 
C. Combination system 

1. Uses % manifold or m'ini-converter(s) and a main converter 

2. May use with a COC and a TWC or two COC converters 

3. Initiates o>^idation process prior to main converter operation 

V. Components of a three way catalytic converter (TWC) (TranspariTtcy 3) 

(NOTE: The TWC consists of two converters in one shell with a mixing cham- 
ber separating the two catalyst elements.) 

A. Stainless steel shell 

B. Front element of rhodium and platinum or palladium coated monolith 

C. Mixing chamber with secondary air inlet 

D. Rear element of platfnum and/or palladium coated monolith 
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INFORMATION SHEET 



VI. 



VII. 



Function of a two way converter (COC)(TraRsparency 2) 

A. Exhaust gases enter the converter and flow through the honeycomb element 
(NOTE: Some systems use beads instead of a honeycomb elert4nt,) 

B. Catalyst coating on the element begins to oxidize the hydrocarboh Ind 
L carbon monoxide emissions 



C The oxidation process produces high temperatures in the converter 
D; Higher^mperatures produce a better oxidation process 



E. Secondary ak injected into the exhaust manifold improves the oxidation 
process 

tClPTE: During idle conditions, injected air is dumped to the atmosphere to 
reduce the oxidation process and, therefore, lower temperatures in the 
converter.) 

F. Exhaust gases are cleaned of hydrocarbon and carbon monoxide emissions 
in the converter 

G. Oxidized gases are exhausted as harmless carbon dioxide gas 

Function of three way catalytic converter (TWO 

A. Exhaust gases flow through the front Converter element (Transparency 
5) ^ ^ ^ 

(NOTE: In three way converter systems, exhaust gases contain no injected 
air at operating conditions.) 



B. 



The catalyst coating on the monolithic element oxidizes the emissions 
triad 



C. The oxidation process produces high temperatures in the converter 

D. Higher temperatures improve the oxidation process 

E. Partially oxidized gasesjiow through to the rear element 



G. 
H. 



Secondary air is injected into the middle chamber and mixes with the 
exhaust gases i 

The oxidation process continues in tine rear element 

« 

Hydrocarbons and carbon monoxide gases are further reduced 

Oxidized gases are exhausted as harmless carbon dioxide and nitrogen 
gases 
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INFORMATION SHEET 



VIII. Operation of the catalytic cohverte/ protection system (Transparency 4) 

(NOTE: The converter system creates extremely high temperatures during the 
oxictotion process. When extrenn ^^o^nts^ of unburned hydrocarbons exist in 
the exhaust gases, such as in deceleration, the converter could overheat add be 
damaged. Cold air could also damage the catalyst material.) 

A. During deceleration 

1 . Manifold vacuum is high 

2. Vacuum delay valve closes off vacuum to diverter valve 

3. Injected air is vented to atmosphere 

^ (NOTE: Injected air in the exhaust system with a' high level of un- 

burned hydrocarbons would cause a high rate of combustPon and 
overheat th^onverter.) 

* B. During cold air operation 

1 . Air cleaner sensor is closed 

2. Vacuum to diverter valve is cut off 

# 

3. Injected air is vented to atmosphere 

(NOTE: The inj^tor system would continue to operate when the 
engine temperature reaches the operating level because of vacuum 
signals unless an override system was used. Cold air injected into the 
heated catalyst would damage it.) 

C. During engine warm-up 

i 

1. PVS sensor closes 

2. Vacuum to diverter valve is cut off 

3. injected air is vented to atmosphere 

(NOTE: In TWC systems the injected air is diverted to the exhaust 
manifold rather than the converter.) 

IX, Purposes of nonleaded gasoline (Transparency 6) 

A. Prevents coating the catalyst with lead cbmpound 

B. Reduces particulate emissions from exhaust 

INOTE: To prevent leaded gasoline usage m automobiles a small filler 
tube is used and appropriate informative decals are placed near the filler tube 
opening. It h^s also been made a federal offense to violate this regulation.) 
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Exhaust System With Catalytic Converter 

and Heat Shields 
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Two Way (COC) 
Catalytic Converter Components 



Stainless Steel Shell 



Flow Diffuser 




Honeycomb Monolith 
Platinum and Palladium Catalyst 



Stainless Steel Mesh 




Analyze^^ess Fitting and Plug 
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TM 2 



Three Way Catalytic Converter 



Exhaust Gases 
From Engine 



Flow 



Mbcing Chamber (Midbed) 



Shell Assembly 




Conventional Oxidation 
Catalyst (COC) 



Three-Way Catalyst (TWC) 



Air From 
Thermactor Pump 



ERIC 



Catalyst Protection System (Advanced Type) 




Three Way Converter System 



Bypass Valve 



Air Control Valve 



Air Pump 




Exhaust Check Valve 



\\\\\\\\\\\\\\\\\\\\v 
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-r^^r Exhaust Manifold \ 



Dual Catalytic 
Converter 



Air Cleaner 
Mounted TVS 



Normal Operating 
Engine Coolant temp. 



Unleaded Fuel Mller Inlet 

_ )■ 



Unleaded Fuel Fiiier 
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CATALYTIC CONVE RTE R SYSTEMS 
UNIT XIV 



JOB SHEET #1 -REPLACE THE CATALYST IN A CONVERTER 
(NOTE These are replacement procedures for Generq/ Motors vehicles only ) 

I ' Tools and materials 

A. General Motors Tool # J-25077 set 

B. Shop hand tools ' 

C. Anti-seize compound 

D. Replacement catalyst 
II. Procedures 

A, , Raise vehicle on hoist 

B. Attach aspirator to tailpipe 

^ C. Connect an air supply hose to aspirator 

(NOTE: The air supply creates a vacuum in the^converter' whioh holds 
the catalyst beads in place when the filler is removecr) 

D, . Remove filter plug ^ 

(NOTE: Some models will be fitted with a pressed plug which has to be 
chiseled out and others have a sCrew type plug. When chiseling out a plug be 
careful not to damage the converter housing.) ^ 

% 



Clamp on vibrator tool ancj container to converter 



F. Remove the air hose from aspirator and connect an air hose to the vibrator 

(NOTE: Pellets will fall out qf the converter into the container when the 
vacuum is removed.) 
% 

G. When all catalyst pellets qre removed, disconnect air hose from vibrator 
H Remove container from vibrator 

I Discard old catalyst and refill container with new pellets 
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JOB SHEET #1 

J, Attach the fill tube to vibrator assembly 

K. Connect an air hose to the aspirator and to the vibrator 

L.^ Attach the catalyst container to the vibrator 

M.' When catalyst 'beads are in the converter, remove the air hose from the 
vibrator 

N. Remove vibrator from converter and check to see if catalyst beads fill 
the converter 

o 

p. Apply anti-seize compound to filler plug and install it in the converter 

P. Disconnect air hose from aspirator and remove all special tools from system 

Q, Remove vehicle from hoist 

(NOTE: These are general procedures only. Specific procedures can be 
obtained from General Motors shop manual>^ ^ ^ 
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CATALYTIC CONVERTER SYSTEMS 
UNIT XIV 



JOB SHEEr#5";CHECK FOR PROPER OPERATION OF THE 
CATALYTIC CONVERTER PROTECTION SYSTEM 



-T.ools and materials 

A. Shbp hand tools ^ 

B. Freon cannister * 

C ^ Thermometer * / 

Procedure 

(NOTE* This procedure applies b vehicles with three way converters.) 

A. With automobile under cold start conditions (engine coolant tempera- 
r tare belpw 52X [128°F] start the engine" 

B. Remove air supply hose from air supply valve to exhaust manifold 

C. Check for air flow to manifold 

([NfOTE: Air flow can be felt or heard coming from hose. If air is felt, system 
IS operating properly.) 

D. ^ .Replace hose ^ ^ 
£. Allow engine to wa7m to operating temperature 

F. Remove air hose from air supply valve to* converter 

G. Check for air flow to converter ' 

(NOTE: Air should be felt or heard if system is operating pr;operly.) 

H. Replace air hose 

I. Stop engine 

J. Remove air cleaner cover and spray temperature sensor with freon 

(NOTE- This proceduce will simulate cold air conditions at inlet. A wet cloth 
placed on the sensor will accomplish the same effect. A thermometer can be 
used to determine if temperature at sensor is below 9°C [49'^F] .) 
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JOB SHEET #2 

K, Start the engine 

L, Check for air flow from diverter valve muffler 

(NOTE. If the system is operating properly, the air pump supply will be 
dumped into the atmosphere rather than being sent to the air supply valve,) ^ 

M. Stop engine and replace air cleaner cover 

(NOTE, If the system does not function properly, check the operation 
of the PVS valve and related components. These steps are basic proce- 
dures. Exact procedures and settings can be obtained from manufacturer s 
shop manuals,) 
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CATALYTIC CONVERTER SYSTEMS 
UNIT XIV 



NAME 
TEST 



^ 1 . Define the emissions triad. 



2 Match the components of the /catalVtic, converter system 
ions, 

af Substance used m converters which, alters 
exhaust gas chemistry 

b, Catahytic substance which controls oxides of 

nitrogen (NOx) emissions' 

c. Catalytic substance which controls hydro * 

carbon and carbon monoxide emissions 

d. Catalytic substance which controls hydro- 
carbon and carbpn monoxide emissions 

e. Catalyst coated ceramic material which 

^ y is honeycombed to provide a larger sur- 
^ face area for exhaust gases to pass through 



J, Metal covering the catalyst element used 
to provide protection and speed up heat 
transfer within the converter 

^g. Provides protection to car chassis and environ- 
ment from heat generated by the converter 
system 

h. Air injected into exhaust system to continue 
the burning of hydrocarbons 

i. Switch-like devices located throiTghout the 
engine and chassis which monitor operating 
conditions of theautomobile 



J, Major component of an electronically con- 
trolled system which receives signals from 
sensors and sends i^mpulses to appropriate 
engine 'controls ' 

k. Controls* injected air flow from t^be air pump 
to the converter or to the exhaust manifold 



on the right to their funct 

1, Stainless ^ 
steel mesh 

2*, Palladium 

3, Electronic 
sensors- 

4, Catalyst 

5, Secondary air 
6_. Platinurn 

7, Monolithic 
materia! 

8, Air supply 
valve 

9, Rhodium 

10. Electronic 
control unit 
(module) 

11. Heat shield 



3 ^tate the purpose of the catalytic gonverter syMem. 



4^^aich^the -types erf catalyttc converter systems on the right to th^it' description 



a,* J) Oontaips ^rhbdium, platihum and/or 
paHadium catalyst ; 

2) ' Controls oxides of nitrogen, >iydro- 
j carbons, and carbon monoxide emis- 
sions P . 

3) Requires secondary|aK^jection 

_b, •]) Uses a manifold ar mini-cortverter{§) 
. • • and a mam convei;ter ' 

2) May use either a COC and a TWC or 
» ' two COC converters ' 



1. Combination.* 
system 

2. Two-way con- 
verter (COC 
^Conventional 
Oxidation^ 
C^lyst) > 

3. Three-way 
converter 

cmc) 



, ' . , 3) Ipittat&s oxidation process prior to main 
converter operation 

*' • * 
* ^ c. 11 Conteins palladium an^i/or platinum 

* • catalyst ' * • 

* • 

, 2) Control, only hydrocarbons and carbflt^n . 
. monoxide emissions 

^ • "3) Used with or without: secorfdary air 
V . injectrort system ^ 

&' ' Deaqnbe the four compon^tS of a three way catalytic^convierter.^ 



CATALYTIC CONVERTER SYSTEMS 
UNIT XIV 



NAMf 
TEST 



1 Define the emissions triad 



Match the components of the catalytic converter system on ihe right to their funct 
lon^. ' 



_a. Substance used in converters which alters 
exhaust gas chemistry 

_b Catalytic substance which controls oxides of 
nitrogen (NOx) ennissions 

_c Catalytic substance which controls hydro- 
carbon anjj carbon monoxide emissions 

_d. Catalytic substance which controls" hydro-^ 
carbon and carbon monoxfrde emissions 

_e Catalyst coated ceramic mate'rral which 
"'i? honeydbmbed to provide a larger sur- 
face area^r exhaust gases to pass through 

J. Metal co\?ering the catalyst element used 
to provide protection and spaed up heat 
' transfer within the converter 

_g Provides protection to car chassis ^d environ- 
ment from heat generated by the converter 
system 



_h Air, injected into exhaust system to contmue 
% the burning of hydrocarbons 

« 

^1. Switch-like devices located throughout the 
engine and chassis which monitor operatmg 
conditions of the automgbile 

J Major component of an electronically con 
troHed system \A/hich recedes signals^ twm** 
sensors and sends irnpulses to appropri^e 
. engin^'controls 

k Controls mjected^r flOwWrOm the air pump 
to. the converter or fo "th^ exhaust manifold 



1. Stainless 
steel mesh 

2. Palladium 

3. Electronic 
sensors 

4. Catalyst 

5 Secondary air 

6. Platinum 

7. Monolithic 
material 

8. Air supply 
valve 

9. Phodium 

10. Electronic 
control unit 
(module) 

11. Heat shield* 



• V 
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3 State the purpose of the catalytic converter system. 

4 MatQh the types of catalytic converter systems on the right to their descriptions. 
* a. 1) Contains rhoAum, platinum and/or 



Aum, 
ly\t 



palladium cataly 

Xqp<VoIs oxides of nitrogen, hydro- 
carbons, and carbon mono5<ride emis- 
sions 

. • 3) Requires secondary air mjection 



b. 1) Uses a manifold or mini-co'nverter(s) 
and a main convferter 



2) May use either a COC^and a> TWC or 
* tw(? COC converters 

3) Initiates oxidation process prior to main 
converter operation 

c. 1) Contains palladium and/or platinum 
catalyst 



"2) Controls oni^ hydrocarbons 'and carbon 
monoxide emissions • 

' * 3) Used with or without ^secondary air 
injection system 

5, Describe the four components of a three way catalytic converter. 



c 
d. 



1. Combination 
system 

2. Two-way con- 
verter (COC- 
Conventional 
Oxidation 
Catalyst) 

3. Three-way 
converter 
(TWO 



• -J 
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Explain the function o1 a two way converter (COC) 



Explain the function of a three way catalytic converter (TWO. 
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Explain the operation of the catalytic converter protection system during the operating 
conditions of deceleration, cold air, and warm up. - , 



\ 



9. State two purposes'"of nonleaded gasoline. 



a. 



10. ^Demonstrate the ability to: J 
^ a. Replace the catalyst in a converter 

b. Check for proper operation of the catalytic converter protection system. 

(NOTE If these activities have not been accomplished prior to the 'test, ask your 
instructor when they should be completed ) • 
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CATALYTIC CONVERTER SYSTEMS 
UNIT XIV 

ANSWERS TO TEST 

» ' 

The emissions triad are emissions containing oxides of nitrogen, unburned hydro 
carbo/is, and carbon monoxide gases 

a- ''4 e. ?• I 3 

b 9 f. 1 j 10 ^ 

'c. 2 g. 11 ■ k. 8 

d. 6 * h. 5 

The purpose of the catalytic cortverter system is to reduce the oxides of nitrogen 
hydrocarbon, and carbon monoxide emissions from exhaust gases ^ ' 

5-3 ... ' : 

b. 1 . - ' • 

Description should include: 
a. * Stainless steel shell 

b Front element of rhodium.and platinum or palladium coated monolith 

c. Mixing chamber with secondary air inlet ^ ' 

d R^ar element of platinuj^^ and/or palladium coated monolith 
Explanation should mcluUji^ 

a. Exhaust gases^ enter the converter and flow through the honeycomb element 

Ij; Catalyst coating on tlie element begms to oxidize the hydrocarbon and carbon 
monoxide emissions 

c The oxidation process produces high temperatures in the^onverter. 
d }/ligher temperatures produce a better oxidation process 

e. Secondary air injected into the exhaust manifold improves the oxida^tion process 

f Exhaust gases are cleaned of hydrocarbon and carbon monoxide; emissions m 
the converter 

g. *Oxidized gases are exhausted as harmless carbon dioxide gas . 



/ 



\ 
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7 Explanation should include' • ^ ' 

a Ex'haust gases flow through the front converter element 

• » 

b The catalyst coating on the monolithic element oxidizes the emissions triad 

s t 

c The QXidation process produces high temperatirres in the converter 

d. Higher temperatures improve the oxidation process 

• *je Partially oxidized gases flow through to the rear element ' 

I Secondary air is injected mto'th6 middle chamber and mixes with the exhaust 
gases ^ v 

f . ' ^ * ' ■ 

g The oxidation process continues in the rear element ^ . 

h Hydreoarbons and carbon monoxide gases are further reduced 

^ ^ I. Oxidized gases are exhausted as harmless carbon dioxide ,and nitrogen gases 

8. Explanation should include ' 

a. During deceleration . • ' ^ 

1) Manifold vacuum 1^ high ^ ^ ' ' . - \ ' " 

. 2) Vacuum delay valve closes off vacuum tp diverter vaFve 
3) Injected air is vented to atmosphere . ; * , / 

b. During cold air operation , , 

1) Air cleaner sensor is closed* . . /; 

^' 2)' Vacuum to diverter valve IS cut off 

^ /" . ' 

3) Injected air iS vented to atmosphere' ' . • ^ - . 

c DuTinq engine warm up , ^ . " . . 

1) PVS sensor closes v ' , * ' 

2) Vacuum to diverter val^B is cut off.^ 

4 

3) Injected ?»ir IS vented to atmosphere ' » 

9 a, Prevents coating the Cfitalystnvith lead Gompound , * - 

b Reduces particulate emissions from e)5:haus,t - ; 
10 Performance skills«valuated to the satisfaction 'of the instructor ^ . ' ' '< 




ELECTRONIC CONTROLS 
UNIT XV 



UNIT OBJECTIVE 



After completion of this unit, the student should be able to explain (he operation of elec 
tronic devices currently used in the automotive industry This knowledge will be evidenced 
by scoring 85 percent on the unit test 



SPECIFIC objectives" 

After completion of this unit, the Student should be able. to. . : J- 

^ 1 Match comppnents of an electronically controlled engine system to their proper 
functions 

2 Identify the components of an electronically controlled engine system, ' ; 
3. kist the processes performed by the two units in the electronic controf/module. 
^ 4 Explain the basiooperation of an electroniially controlled engine system ^ 



ELECTRONIC CONTROLS 
• ^ . UNIT XV 

SUGGESTED ACTIVITIES' 

Instructor: . 

A. * Provide student with objective sheet. 

B. Provide student with information she^t,' 

C. Make transparencies. 

0; Discuss unit and specific objectives. 

€. Discuss information sheet.' * 

* * ' * * 

F. Give test. 

Student: 

A. Reid objective sheet. 

B. * Study iaformation sheet. 
Q. ' 'Take test. 

INSTRUCTIONAL MATERIALS 

Included in this unit: 

A. Objectivesheet 

B. lh|Drmation sheet 

C. Transparency 'masters 

1^, TM 1-Electronic^^^ntrol System 
2. TM 2-Electronic Components 

3^ TM 3-General- Motors C-4 System 

. .... 

4 , TM 4^-Ford Motor Company System 

G. Jest • " / ^ 

H. . Ansvvers to te,st » 'J ' 




References' , ' ' - 

A. Ford Motor Company. 1978 Full Size Car Shop ManuaL Qetroit, Mich 
Helm, Inc, ]97§. ' ^ 

6 General Mgtors Corporation. 1979 Passenger Car Service ManuaL Detroit, 
Michigan Service Sectjon/Genera! Motors Cprporation, 1979. 

C, Ford Motor Company. Vehicle Emission Control Systems. Detroif, Michigan: 
Service Publicattons/Helm, Inc., 1978. 

D, 1979 Chrysler-Plymouth-Dodge Chassis-Bohy Service ManuaL Detroit, 
Michigan: Service Department/Chrysler Corporation, 1978. 

E, Buick Chassis Servwe Manual Flint, Michigan: Buick Motor Division/General 
IVfotors Corporation, 1979. 
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ELECTRONIC CONTROLS 
UNIT XV 



fNFORIVIATION SHEET 



I Coi-nponents ancj functions*(Transparencies 1, 2, 3, and 4) 

A Ambient air temperature sensor Monitors air temperature to provide infor- 
mation neederl to calculate fuel, ignition, and combustion settings 

B Barometric pri^ssure sensor Monitors relative pressure of the atmosphere to 
provide a comparison figure for manifold pressure calculations ' 

C Coolant temperature sensor -Monitors engine temperature to provide infor- 
;nation needed to calculate cold start^and overheat settings ' ^ 

D Manifold pressure sensor-Monitors air pressured of the EGR and air injection 
systems to provide information needed for ignition, fuel, and combustion 
adjustment 

« 

E Oxygen sensor Monitors oxygen levels in the exhaust gases to provide 
informatiofi needed for carburetor adjustment and ignifion setting 

. F Elet:tronic control modul^-The centcal control component which con^ 
tains a microcomputer used tg analyse aU input signals from the sensors and 
calculates and sends precise stgnals^to control solenoids on engine controls 

G High energy, ignition -A solid state electronic ignition'system which provides 
^ ..an e>^t^remely'high voltage on the secondary side for more efficient spark' 

' H 'Throftl^. position 'sensor -Momtori the [position of throttle plate to provide 
fuel and igmnon ^^tting mforma^g 

J Crankshaft sensor- Monitors .p^Pon ;of pistoTis' accord^^ to crSnksha^t 
position .which provfdeSMnformatiQn 'for the^ igijit'ion liming calculations 

• 

J Breakerless distributor- An armature and stator- assembly "which replace 
- the breaker [)late^ or pokiats asi a mgre efficient method of handling the-^" 
-••Uigher.voltage of the electronic *tgnition system . » , ^ 

; ^ £i3R"valve sensor Monitors the^air flow m, or :the position of EGR valve to 
; " . provide-signals relative to the pressures and operation of the air injelHion and 
/ EGR systems : f ^ 

L- Transducer- A nionitoring sensor wfiich sq.nds out signals ^f different 
strengths depending on it^position between open and closed 
'1 * 

^ (NOTE. As with any sensor, the transducer position is calculated^ by the 
* *• cdnrtrOl unit according to the strength of the impulse set^t out by the trans- ' 
ducor ) 
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INFORMATION SHEET 

Components of an erectronically controlled engine system (Transparencies 1, 2, 3, 
and 4) 

A; Annbient air temperature sensor / 

B. Coolant temperature sensor 

C. Electronic control unit ' " ^ , 

D. High energy ignition^- 

E. Barometric pressure sensor ^ " . , 



re\e 

Crainkshaft sensar 



F, Oxygen sensor x^T^afiifold pressure^ensor 



H. Throttle position sensor 
\. EGR valve sensor 

(NOTE- The systems used by various manufacturers differ slightly but the conipo 
'nents are basically the same. The control module of each system has a'cdlibrjtion 
component that is specifically designed to match engine application and acces- 
sories Each engin? requires different air fuel mixtures according to engine load 
The computer selects the appropriate Settings for the most efficier|t ernission 
control as determjpeci^by^he^calibration assembly installed,) 

Processes performed by the p/ocessor unit and calibration unit of the electrdnic 
control module ' * . 

(NOTE The control unjt is the brain of the system. It is a solid state, micro- 
computer device which has two main parts a processor unit and a cahbration unit 
that is interchangeaBle-to engin^j application ) ^ 

A v^Ppocesses-performed by the processor unit ^ ' C * 

1 Analyzes sensor input signals contmuoysly 

2, Converts the siqhrjis to computer Lfsable cod^s - ^ . 

3 CalCula^s ignition timing ' . - , - . . 

4/ » Calculates carburetor settings - ' • 

- 5. Provl^i^es constant y^tage -to sensors 

*. » * * ' ' ^ 

* 6 Sends electrical signals to ignition, caVbuanor, and other engine cofitVol 
• solenoids (EGR, ait injection, etc ) 
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INFORMATION SHEET 

B Processes performed by the calibration unit 

1. Converts sensor input in relation to specifications of engine application 

2. Provides calibrated signals to processor component 
Operation of an electronically controlled engine system 

A. The system sensors nionitor engine conditions continuously 

B. Signals are sent to the electronic conti^ unit ' ' . 

C The calibration, component adjusts the signals to preprogrammed speci-* 
fications * ° ' ' - 

D The processor component analyzes ''the signals and performs "calculations 
E. Electriqal signals are sent to appropriate control solenoids to. 

1. Adjust timing , ^ 

2. Adjust carburetor settings ^ 

3. Regulate air injection and EGR floyvs 

(NOTE: The system is electrical but mgy involve some vacuum assist to 
open and close valves or operate motor assemblies,) 

F Emissions are regu^ated precisely for most efficient operation of the auto- 
mobile 

G If any malfunction oCcurs,jthe system automatically adjusts spark advance to 
^approximately 10 degrees to permit vehicle opeVation 

(NOTE: Some systems perform carburetor and igniijion adjustments while 
others perform only ignition or carburetor adjustments:) 
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Electronic Control System 



■ \ 



EGR Valve Sensor 



Ambient 
Temperature Sensor 



Barometric 
Pressure 
Sensor 



Oxygen or 
Pressure 



Electronic Control Unit 




Breakerless Distributor Crankshaft Sensor 
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Electronic Components 
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Board 



Wiring 
Connector 



Vacuunn 
Transducer 





Throttle Position Sensor 



Electronic Control Unit 





Breakerless Distributor , Oxygen Sensor 



1 





Crankshaft Position 
Sensor 



EGR Valve Actuator 
and Position Sensor 



High Energy 
Ignitioni Module 



7M 2 



7 
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General Motors C-4 S^tem 

Sensor. and Control: Locations 

Vacuum Swftches 
Mixture 'Control ^ • 

Solenoid Connector ci , 

' Elecfroni 



.Oxygen' Sensor 

4 




Way, 
Catalytic Converter 



Engine Coolant 
Temperature Sensor 



Functional Schematic 



Air Flow 



Carburetor 



Engine^ 



lExhaust 



Electrpnic 
Control 
Module 



Senior Signal \ ' 



Phase II 
Convert-er 



Oxygen 
Sensor 



Electroriic Fuel Control Cycle of Operation 

Lean Mixture O2 ^ Low Sensor v Voltage To Carburetor 
in Exhaust Gas W Voltage ^ Decreases 



Carburetor Control 
"Leans" Mixture \* 

Voltage To Carburetor 
Increases 



^ High Sensor 
^ Voltage 



Less O2 in 
^ Exhaust Gas 



Carburetor Control 
Enriches Mixture 



I. 
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Ford Motor Company System 



Electronic Control 
Assembly (ECA)_ 

♦Located in> 
Pa%sengw^ 

Compartment 



Calibration 
Assembly 

Processor 
Assembly 



Infet Air 
Temp 
Sensor 



Mjodel ■ 
2700 W\ 
Carburetor ^ 



Power 

Barometric Pressure Sensor 

Engine toolant 
TerTip Sensor 

EGR Valve 
Actuatdr and 
Position Sensor - 




Manifold Atsblute 
Pressure Sensor 
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Thrott'fe [" 
I Position. 
Sensor ■ 



ECR Vfent SDleno-id Valve- ' , 

EGR Pressure Solfenoid Valve 

Thermactor Air By- Pass 
"Sdlenoid-;. ' ; . • 




Dura-Spark ll 
Ignition 'Module 



Crankshaft 

Position 

Sensor 
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ELECTRONIC CONTROLS , 
•- UNIT XV 

NAME 

TEST' , I 



ft^atch thve gompGnents of an electronic cqntrolled'encjine on^^fie 
functions , • ,^ | ' ' * \ 



i(jl7t4^to their (Yoper 



Monitors oxygen leVelb rn thf? e>rhaust qascs'lo 1 

provide information for carljuretor adjust^ 

m^nt and ignition satting - ^ ' * ^ 2 

»* * \. 

. b i\4onitopsV engine temperature^ -to provide \ 
ihforji^ation needed to calculatje cold start^and. 
Qyerheat settinqr *" ' w " ^ .3 

c fK monitoring sensor which send^ 'olT; sig 

nals of different' strengths * depending on . 
Its pdsjtiop-betwefiT'opervancl clcked ' * ' 4 



A solid state* .electrorwc ignition sVstpm ; 
vv4iich provicfes .an extr^Qt^^ hrigh voltage ' 
.on - t+i^' secondary ;sid^. for ^mofg efficient ' ' 
spark • ' ' ^ * ^ 

jyionrtorsT rfesition of \pistons accoWmg v 
to crankshaft'* pbsitior^ "^whrch-proVKies lafor ' 
• m^tioo. for tlie icJViitfon Riming ^calc^ulations . \ 7.. High energy 



0)?>^^n sensor 

Barometric 
* {pressure 

sensor - 

A5T)l>*ent air " * 
temperature 
.sensQf ^ 

.£ tectronic jcop . 
troj modij^e 

Coojant lemper 
ature'sensor ^' , 

Manifold f)resr,. 
§u ce sensor 



f Morrrjtors air pressures of -the g^R and .aV* 

\ • injection systems to provkle. information 
. .needed for ignition, fy^l; and* xownbustion 
^adfiTstments ' ^' • " 

• ' ' g> Monitors air temperature to provide informa- 
\_ .tion needed to calculate fuel' ignition, and 
^ ^ombustibn settings 

Mon|ors*the-position of the throtfle plate to 

— ~ provide fuel and ignition setting information 



An armature and ' stator assembly which 
replace the breaker* plate or pomtj as a 
mbr6 efficient method of handling tbe higher 
voltage of the electrpnic ignition system 

y 

Monitors relative pressure of the atmosr 
phere to provide a comparison figure for 
manifold ptessure cafculatmhs 



^9nltloh• - 

,8 Throttle^ posi \ 
^ \ tion sensor* 

9. Crankshaft' 
sensor- 

10 • Breakerless ^ 
• distributor 

/ 

11 EGR valve 
sensor 

12. Transducer 



352 



/ 



k Tiie ciHUrai cOnttoi cornpon^^nt vvhicfi contains d 
niicrocornputor u sen 'to 5naty/.*j.-aji mput bu)ndK 
TrorrirtHe se>isofs ajifi Cdlculdtes and sends [/r(?cisij 
jiiynals' to Xohtrgi 'solenoids Ofi ertqme controls 

I Monitors tfie' air flow in, or the positioo of -^lie 
EGR valve to f)rovidp sujiiials reiativ^ to -the 
pressures and opeiatiori of t*tie air inj^ption and 
EGR system^ 



2* Identify the cornporjents ot the electronically (rontrolled,entjinej)y laf^rlmiJ fhe'apiJfcr ^ 
priate corTiponents on the tiqure below • • • ^ . ^ - . 



' ^ ' - 



r 

A 



/ 



4 



-".:•«• • /; • / • 



1- ^ 
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3^. List the-processes [)erfortne(l bv thi t.vo uMiib iiV tfie ejecttonic control rTiodule " * ' C 

a. THe ()rcK:e5sor unit 



... - • • 

r . . . 3) 

•4) 



it 



■r 



4. E;<plair\th5 operapon of Trn eiectro'ntcally controlled erirjine system 
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1 



'tu 5, 



€. 

d 
e. 
. f 
2 a. 
b, 
c 
d 
e 
f. 

g 

h, 

3. a. 
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" IELEC-T^RONIC COT^fROLS 
' ■* / . UNJT XV* 

ANSWERS XO J.EST': • 
♦ . ' 

. .* • ■ t .. 

.h, ^8 

t 

'"i. 10 ' 

"j, 2 ' 

k," 4 • - 

I, 11 
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EG R valve sensor' • 
Throttle position sensor 
Electronic control unit 
Coolant temperature sensor 
Ambient air temperature sensor 
Barometric pressure sensor 
Oxygen sensor or manifold pressure sensor 
Crankshaft sensor ^ 

High energy ignition , ' *" 

The processor unit 

1) Analyzes senso'' input signals continuously ' 

2) Converts the signals tQ computer usable codes 

3) Calculates ignition timing 

4) Calculates carburetor settings 

5) Provides constant voltage to sensors 

6) Sends electrical signals to ignition, carburetor, and other engine control 
solenoids (EGR, air injection, etc.) 



b. , The calibration anit - . ' • ' * - 

Converts sl^nsor- inp^ul in relation to specifications of engine application 
2) Provides calibrated skgnals to processor component 
^Explanation should include. ,^ ' > * ^ 

a The system sensors monitor engine conditionsxontinu^iusly 
b. Signals are sent to the electronic control unit 

c The calibration component adjusts ^ihe signals to preprogrammed spedifipations 

d. The processor components analyzes the signals and performs calculations 

e. Ele.ctfical signals are sent to appropriate control solenoids to. 

1J Adjust timing 

2) Adjust carburetor settings ' * r 

3) Regulate air mfection and EGR flows 

f . Emissions are regulated precisiely for most efficient operation of the automobile 

g. If -any malfuncjion occurs, the system^ automatically adjusts spark advance to 
afbproximately 10 degrees to permit vehicle operation 
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V - TESTING ' 

. . UNIT XVI 

^ UNITOBJECTIVE 



After completion of this unitr the student should be able to describe the procedures for 
<esting an auto emissions system and perform selected tests to determine proper opera'tion 
•of the system This knowledge will be evidenced through demonstration and by scoring 85 
percent on the unit test, 

. • ■ . " X . ■ 

SPECIFIC OBJECTIVES * 

I . ■ V ' - 

After completipn of this unit, the student should be able to; 

1 . State the purpose for testing auto^emission control systems. 

2. Match emission control devices to the pollutants which they control 

3. State the general rules for testing which apply to all spark advance control devices. 

4. Select items included pn a basic checklist^ for testing the normal operation of 
emission control systems. 

5* List four steps which are included in the dual diaphragrn vacuum advance unit test.' 

6. State \he purpose for using the idle enricbment nriethod of testing emission 
control systegis. 

7. Diemonstrate trVability to: • f 

a. Perform ayOasic check *of emission control devices by using a checklist. 

b. Test a di^^ diaphragm vaojum advance unit for proper operation. 

c. Adjust the idle of "an engine using Vhe artificial idle enrichment method. 
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TESTING 
UNIT XVI 



SUGGESTED ACTIVITIES 

I. Instructor: 

A. Provide students with objective sheet 

B Provide student with information and job sheets 

C. Make transparencies ' , ' ' 

D. Discuss unit and specific objectives. 

E. Discuss infownation sheets. ' 

F. Demonstrate and discuss the procedures outlined in the job.s|f)eets. 

G. Give test. , 

I. Student. ^ 1 

A Read objectwe sheet ^ ^ 

^ B. Study information sheet * ^ ' . ' * 

C. Complete job sheets. 

f 

p. , Take test. . i . ' 

^INSTRUCTIONAL MATERIALS i 
I. Included in thi§ unit: 1 ' ' 

A. Objective sheet • 
.B Information sheet ' / 
C. Transparency masjersi 

1 TM l-Typical Emission Control Components 

2. TM 2--Emission Control System Checklist 

3. TM 3-Dual Diaphragm Unit Operation Tests 
^ 4. TM 4 -Artificial Enrichment - - . ' * 



360 



Job sheeis ' 

, 1 Job Sheet ^1' Perform a Basic Check of Auto Emis^n Control Devices 
2 Job Siieet ^2- iJI^Dual Di 



Job S[ 
Operation 



)iaphragm Vacuum Advance Units for Proper* 



3 Job Sheet #3 Adjust Engine Idle Using th? Artificial Idle Enrichment 
Method 

• • • 



G Test 



H Answers to test 
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TESTING 

I • UNIT XVI 



INFORMATION SHECT ^ 



The purpose of testing thVauto emission control system -Th€ purpose of testing 
th-e auto emission control system is to establish th^ most efiicient op^ational 
setting for maximum engine performance andjowest exhaust gas emission level 

Emissjori' control devices and polfutants (Transparency 1)^ 

(NOTE- Emission control devices are designed to control the three major ooilu- 
tants. hydrocarbons [HC] , carbon mono)fl/fle [CO] , and nitrous oxides JNO ] .) 





System Component or Device 


Pollutants 


A. 


Heated air indu(5rtion 


HC 


B. 


Positive crankcase ventilation (PCV) 


• HC 


C. 


Carburetor calrbratic^n • 


HC, CO 


D 


Distributor design and calibration 


HC, CO 


E. 


Initial engine timing 


HC, CO, NOx 


*^ 


Air injection or pulse air 


HC, CO 


G. 


Spark advance controls 


HC, NOx 


H. 


Exhaust gas recirculation- (EG R) 




1. 


Electric choke assist 


HC, CO 


J. 


Evaporation control system (gas cap, pur^e cannister) 


HC 


K. 


Catalytic converter (conventional) 


HC, CO 


L. 


Catalytic converter (3 way) ' 


HC, CO, NOx 



-6eneral rules for testing components of spark advance control systems 



(NOTE: These basic rules applj/ to testing spark advance control systems such as 
transmission or speed control systems.) 

A. If any system does not provide vacuum advance when the engine ts either 
. , cold or overheated, a temperature control unit is malfunctioning 

^(NOTE; A temperature control unit may be an ancient air temperature 
switch, a PVS/TVS switch or similar device.) 
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B If any system provides vacuum advance either at idle or when the;transmis 
sion IS in the lower gears, or does not provide vacuum advance wiien the 
• vehicle transmission is m high gear, a S[;eed control. device, solenoid, or 
%control module is malfuntionmg 

(NOTE The important point to remember about controlled spark advance 
IS that vacuum spark advance is applied only during normal operating con- 
ditions when the transmission is in high gear or the ve^hicle is at cruising 
speed ^nd the engine coolant is at normal operating temperature,) 

IV ^ Basic checklist for testing normal operation of emission control systems (Trans- 
parency 2) ' ' ^ 



(NOTE The basic check generally includes a visual inspection and minor equip- 
ment use.) 

A. Chfeck diive belt condition and tension 

B. Check a[r pump filter 

C. Check condition and fit of hoses ^ 



D. Check condition of fittings to air manifold 
E Check condition of fittings to exhaust manifold 
» ^' F. Check operation of diverter and check valves 

* G. Check PCVCalve 

• - - ' 

^ H. Check ignition timing 

I- Set engine idle speed , 

J. Check condition of catalytic converter 

V ' Dual diaphragm vacuum advance unit test (Transparency 3) 

[ (NOTE: The following steps are generally followed to determine proper operation 
of a du^l diaphragm vacuum advance unit although manufacturers usually require 
specific RPM settings and allow only a specific RPM drop between settings.) 

A. Step 1 - Set initial timing to manufacturer's specifications after removing 
and plugging both vacuum hoses to 'the Advance and retard connec 
tions 

« ' B. Step 2 ^ • Test centrifugal advance by accelerating the engine and QOting 
% advance'on timing marks . , , . 

1 . • ■ 
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C Step 3 Connect vacuum hose to advance rf:onnecti(in and note increase irJ 
advance in decrees at fast idle % 



I D I Step 4 - Connect vacuum hose to retard connection and note drop in 

♦advance at normal idle 

■ • 

• VI . Purpose for using iTie idle enrjchmyit method of testing emission control systems- 

« The idle enrichment method is used to adjust carburetor idle because-o'f factory set 

Idle hmiters and precise fuel metering systems built info today's carburetors 
(Transparency 4) 

(NOTE, Specific instructions are provided by vehicle manufacturer Job Sheet #3 
^ describes the basic procedures.) 
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Typidal Emission Control Components;^ 



EXHAUST GAS RECIRCULATION 

• EGR Control Valve 
•EGR Vacuum Amplifie 

• EGR Time Delay 



INTAKE MANIFOLD 
•Improved Desigri 

DISTRIBUTOR 
• Electronic Ignition 
•Reduced Tolerances 
•permanently Lubricated 



CARBURETOR 4 
•Improved DiStnbuItion , 
•Leaner Mixture 

•Faster Acting Choke E^lectnc Assist 
•External Idle Mixture Limiter 
• Solenotd Throttle Slop 
•Gasoline Vapor Control 
•Idle Enrichment 
•Heat Shield 
•Variable Ratio 

COMPUTER CONTROL SPARK ADVANCE 



COOLANT CONTROL 
ENGINE VACUUM SWITCH iPVS) 

CHARCOAL 
CANISTER 



PVS 

TEMPERATURE 
(EGRl VALVE 
\ 



INCREASED 
CAM OVBRLAP 




ROLL-OVER VALVE 



PRESSURE VACUUM 
RELIEF FILIER CAP 



LEADED-FUEL 
RESTRICTOR 




AIR INDUCTION 



CATALYTIC CONVERTER 
CLOSED CRANKCASE VENTILATION 

ELECTRONIC SPARK CONTROL COMPUTER 
MANIFOLD CONVERTER 



AJR PUMP 

(SOME FEDERAL ENGINES WILL USE ASPIRATORS O.R PULSE AIR)\ 
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MODIFIED COMBUSTION CHAMBER 
AND REDUCED COMPRESSION RATIO 



KJ \J ^ 
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Emission Control System CheckTbt 

fl 

') 

1. Check Drive Belt . Condition and Tension 

2. Check Air Pump Filter 

3. Check Ciondition and Fit, of Hoses 
- 4. Check Condition of Fittings to Air Manifold 

5. Check Conditio^n of Fittings to Exhaust Manifold 

6. Check Operation of Diverter an\) Check Va|ves 

7. Check PCV Valve 

I 

8. Check Ignition Timing 

% 

9. Set Engine Idle Speed 

4 

.10. Check Condition of Catalytic Converter 
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Dual Diaphragm^ Unit 
Operation Tests ' 



Intake Manifold 
Vacuum Hgse 



Carburetor 
Vacuum Hose 




Carburetor 
•Vacuum Hose 
(AdvarlGe). 




^ ^ Step 1. 

' Set Initial ' " ✓ 
Ignition liming Step 

Step 2. 

Test Centiihgai 
Advance Mechanism 



Step 3. 

Test Spark Advance 



Intake Manifold 
Vacuum Hose 



(Retard) 




- Step i 



Test Spark Retard 
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Artificial Enrichment 



Connect Propane ' 
Attachment to 
Hose Adapter 

Disconnect PCV or 
r Pur^e Hose .. 




Open Propane Valve 
Slowly to Check Engine 
RPM Settings 



Remove Air Pump Hose(s) 
at Check Valve(s)' 
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JOB 5HEB,T #1 -PERFORJVI A BASIC CHECK'OF AUTO EMISSION 
' CONTROL DEVICES - - 



It 



r 



Tools and equipment 
A Belt tension tool 
B Timing light " * , 

C , Tachometer 
D Basic shop hayd tools 
Procedure- 

A Check general conditioii of drive L^lts and check tension using the belt 
.tension tool 

' ' i ' 

" (NOTE: If cracked or frayed, replace and adjust tension according to manu- 
facturer's recommendation.) 

B Check passageway and elfenlent of air pump filter 

(NOTE Replace if clogged or'wash to clean as needed.) 

C. Check to see that all hoses are tightly cdnnected to tubes and connectors and 
that there are no kinks or deterioration pr^ent * ' 

D Check ^air injection fittings and tiljbing to insure they are tight and clear of 
s obstruction 

' \ ' f 

E. Check air injection connections at exhaust manifold to be certain they 
, are tight 

F. Perform basic functi-onal tests for diverteV valve operation by interrupting 
vacuum supply to thfrvalve 

G ^ Disconnect the PCV valve from rocker cover and shaker to determine opera- 
tional status ^ 



H. Rep larp or rprnnn<^r\ hqqHqH \ _ 

Jj _Set ignition timing according to manufacturer's recommendations and 

procedures . 

J. Atijust engine idle speed according to manufacturer's recommendation 
- and procedures 



JOB SHEET #1 



K. Visually inspect catalytic converter to determine corrosion or other damage 
to assemjply and exhaust s^em 

(NOTE/ If a" component appears to be faulty m the basic check, be cer- 
tain to/perform an indepth test of the system and replace any malfunction- 
ing component. Failure to do so could cause an imbalance on the other 
coiTu^nents and could lead to serious and costly repairs to the system.) 
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JOB SHEET ^2 -TEST A DUAL DIAPhRAGM VACUUM ADVANCE 
UNIT FOR PROPER OPERATION , 

Tools and equipment 

I 

A. Tachometer 

B iminc] light . , | ' , ^ 

C Shop hand tools ' j 

i 

D Hose plugs 
Procedure 

A, Bring the engine to normal operating temperature 

B, Shut off engine and attach timing light and tachometer 

C, Start engine and adjust speed to manufacturer's specification 

p. . Disconnect and plug vacuum hoses to vacuum advance unit ' 

E. Adjust eqgine rpm as needed and set initial ignition timing to manufacturer's 
recommendation 

F. Accelerate engine to approximately 1500 rpm and note timing advance by 
centrifugal advance mechanism 

(NOTE: If advance^ IS not present remove and- inspect distribjjtion mechan- 
ism and repair as needed ) 

G. Connect vacuum advance hose and increase engine speedito approximately 
1500 rpm / 

H. Note timing advance in degrees at idle and a fast idle 
L Connect retard vacuum hose to distributor unit 
J. Note the arrjount of timing change in degrees 

K If no advance is noted in step H or no retard is noted in step J, replace the 
' vacuum ad vance unit if vacuum is pre sent at the hose connections 

L, If no vacuum is present, check for proper operation of the PVS or for 
' loose or cracked hoses and replace faulty components 

M. Stop engine and remove all equipment 

(INJOTE:^ Specific settings and test procedures are outlined in the mariu- 
facturer's shop manuals ) 



AEC 377 




I TESTING 
' UNIT XVI 

I 

JOB SHEET #3 -ADJUST ^NGfNE IDLE USING THE ARTIFICIAL 
IDLE ENRICHMENT METHOD 



Tools and equipment . . 

A. Propane cylinder and attachment tools 
'B Tachometer 

I ■ ' 

C Shop hand tools i 

D. f^ose plugs ^ 

Procedure 

A". Block vehicle rear wheels and set parking brake before starting the engine 

B. ^ Make all adjustments with engine fully warmed up, air conditioning off, 

headlights off, and idle stop solenoid grounded if so equipped* 

I 

C. Attach a tachometer to the engine 

(NOTE: Make pertain the tachometer is rated for high energy ignition 
system,) 1 ' * * 

D. Disconnect ca/iister purge hose from air cleaner and plug the connect- 
or on air clefSner 

(NOTE: Each manufacturer recommends a specific procedure on disconnect- 
ing and plugging or leaving hoses and connectors unplugged. Follow rrtanu- 
facturer's recommenclmion to make certain idle conditions are functional^ 



Remove PCV hose assembly from air cteaner and plug the opening 



F. Allow PCV to draw engine compartment air * 

(NOTE- It may be necessary to remove air cleaner assembly to perform 
certain idle adjustment but it must be replaced each time to ac^jusV car- 
buretor idle to specifications.) ^ 



G Adjust curb idle speed'to manufacturers recommendations ^ 

(NOTE; On vehicles equipped with electronic spark control it is neces- 
sary to allow the engine to run at fast idle for a few seconds then wait for- 
^ approximately one minute while engine is at curb idle before'performing the^ 
, adjustments.)*^ • 



I 
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H Disconnect and plug air injection supply lines if engine is so equipped ' 

' si- • ' ■ 

I*. CoRnect propane adapter hose to the air pufrge hose so that propane will ^ 
drawn into carburetor port nipple (Figures 1 and 2) 

(NOTE' Some manufacturers prefer to connect the propane attachment to 
the air cleaner assembly using the«air purge hose inlet connector.) 



Hose to 

• Carburetor Futing 
(Choke Vacuum 
Diaphragm 

FIGURE 1 



Propane Metering Valve 

/Mam Propane Valve 




Diaphragm Hx^se' — 
Choke Vacuum Diaphragm 
FIGUPvE 2 



Prot^ane Container 



Idle Speed Adjusting Screw 

Propane Supply Hose. 

J Slowly open the propane supply valve and^bserve the engi^ie speed increase 

K Continue to mcrease propane supply until maximum engine rpm is reached 

(NOTE' Engine speed will begin to increase as propane is added but will 
decrease when too much propane is provided. Actjust propane flow until 
' maximum rpm is nDaintained. Be certain to keep the propane bottle vertical * 
to ensure constant ffow ) f 

L With propane on, adjust idle speed screw to manufacturer s specifications for 
enriched rpm 

M Readjust propane flow if needed but do not change once proper enriched 
^S[)eed IS set ^ . 
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N Adjust idle mixture screws for smoothest curb idle with propane turned 
off - • 

(NQTE* Curb idle should be at manufacturers specifications shown on 
Emi^^nS. Control Decal. It may be necessary to remove idle mixtur^limiter 
to adjust^^r6per idle." If remen^ed they must be replaced with the tab against 
the maximum rich stop. Soaking the caps in hot water allows for easier 
FIGURE 3 • ''^^'^^^^^'^^ See Figure 3) 

^'^^'HH bTOP .iVllEn STOP L'MjTbH STOP LlMll^ER ! 






. f I'LL MiLH^'OSiTlviN' I Lt AN POSn lf)\ . . F U L I H ICH POS I T I ON L L L E AN POS 11 iON 
< . 

0. After the curb idte'has been adjusted for smooth operation, turn propane 
flow on to determine if idle speed has been affected ' 

P. If idle speed has changed to 2^ rpm different from previous setting, repeat ' 
* steps I through L 

Q. Turn off propane supply and stop engine 

R. , Remove all equipment and reconnect all hoses for normal operation 

(NOTE Engine rpm may increase after connectingj^H hoses but do not 
readjust. Vehicle is now set. to meet federal requirements. A system check 
using an infrared engine analyzer will verify emissions levels. Since the 
anajyzers are different, follow manufacturer s instructions on proper use.) 
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NAME' 

TEST 

State the purpose for testing the auto emission control system 



Match the poilutants on the right to the appropriate enrnssion cofitrol devices by 
placin'g the correct abbreviations in the blink beside the following devices. 



FUNCTION 



a Carburetor calibration 1, HC 

b. Air injection or pulse air • 2, CO 

c Spark advance controls 3 NOv 

d. Electric choke assist 

e. Heated air induction 

f. Distributor design and calibration 

g. Positive crankcase ventilation (PCV) 

h. Initial engine timing 

L Exhaust gas recirculation (EGR) 

j. Catalytic .converter (conventional) 

k. Evaporation control system (gas cap, purge cannister) 
L Catalytic converter (Three way) 



State two general rules for testing which apply to all spark advance control devices. 



a. 



b. 



Select Items which are included on a basic checkhst'for testing the normal o()eration of 
emission control systems by placing an "X" in the appropriate blanks* 

a. ♦Set engine idle speed 

b. Check PCV valve . . 

c. Check condition of fittings to aif manifold 

^ d. Check conditioa of crankshaft 

e. Check air pump filter* ' * 

f. Check ignition timing * 

g. Check operation of e'xhaust valves 
^h. Check drive belt condition and tension 

List four steps which are included in the dual diaphragm vacuum advance unit test, 
a. , . 

b. 

c. 
d. 

State the purpose for using the idle enrichment method of testing emission control 
systems 

Demonstrate the ability tp/' 

a. Perform a basic check of emission control devices by using a checklist 

b. Test a dual draphragm vacuum advance unit for proper operation. 

c Adjust the idle of an engine using the artificial idle enrichment methocf. 

(NOTE* If these activities have not been accomplished prior to the test, ask your 
instructor when they should be'completed.) 
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ANSWERS TO TEST 

1 The purpose of testing the auto emission control system is to establish the most 
efficient operational setting for maximum engine performance and lowest exhaust 
gas emission level ^ 

2. a. HC, CO g, HC 

b. HC, CO h HCtO, NOx 

c. HC-NOx / , i NOx 

, d. HC, CO j. HC CO ' ' . • . - • 

e. HC k. HC 

f. HC, CO L HC, CO, NOx 
\ . . ^ 

3. a. If any system does not provide vacuum advance when the e'ngine is either cold or 

overheated, a temperature control iinit is malfunctioning 

b. If any system provides vacuum advance either at idle or when the transmission is 
in the lower gears,or does not provide vacuum advance when the transmission is in 
high gear, a speed control device, solenoid, or control module is malfunctioning 

4. a, b, c, e, f, h 

5. a. Set initial timing to manufacturer's specifications after removing and plugging . 

both vacuum hoses to the advance and retard connections 

b. Test centrifugal advance by accelerating the engine and noting advance on timing 
marks 

c. Connect vacuuwi hose to advance connection and note increase in advance in ♦ 
degrees at fa^t idle 

d. Connect vacuum hose to retard connection and note drop in advance at normal 
idle 

6. The idle enrichment method is used to adjust carburetor idle because olfactory set 
idle limiters and precise fuel metering systems built into today's carburetors 

7. Performance skills evaluated to the satisfaction of instructor 
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